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MIDCYL RESEARCH helps smooth out problems 












life for the Auto Engineer is not always placid, 
but the continued research of Midcy/ helps 


to smooth out such of his problems as are 





associated with Cylinder Blocks, Cylinder Heads 


Camshafts and Brake Drums 


THE MIDLAND MOTOR CYLINDER CO. LTD., SMETHWICK, STAFFS 


we 








Double your output... 


Halve your labour costs 


with ILFORD Azoflex 


NINETY NINETY 





Azoflex 150 Automatic machine, at the 
Same price as FB 90 paper. Output can 
easily be doubled using the new paper, 


ILFORD Azoflex Ninety Ninety dyeline 
paper is the fastest. most intense-line 
photoprinting paper ever knownin Britain. 


ILFORD LIMITED 


Phenomenally fast-——phenomenally clear 
and intense—new ILFORD Azoflex Ninety 
Ninety dyeline printing paper is available 
on 90 gm. base in popular cut-sheet sizes 
and rolls including 450-yard rolls for the 


NINETY 


not only in power printers but also in 
machines with low-light sources. ILFORD 
Ninety Ninety can be processed in a 
universal developer and it can be used for 
projection printing. 


Saves time ... saves labour... produces better prints 











NINETY 


Dyeline Printing Paper 


INDUSTRIAL SALES DEPT. AZ25C 


ILFORD ESSEX TELEPHONE 


Automobile Engineer, August 196] 





ILFORD 3000 


Those people born under the sign of the Whale 
have something to spout about. They become 
chief purchasing officers, chief engineers, chief 
draughtsmen and chief designers. Whale men 
leave it to Jonah's disciples to wail about the in- 
adequacies of the materials they have at hand. 
Whale men are perfectionists who travel far 
when they find one material that is light yet 
strong and hardwearing, resistant to corrosion 
and a good electrical insulator. They also find 
that this ideal material resists deterioration in 
storage, machines easily with ordinary tools, and 
is available in sheets, tubes, rods, angles, and 


TUFNOL 


REGD. TRADE MARK 


channels. Many Whale men have already dis- 
covered this remarkable material—*WHALE” 
brand Tufnol. They have also discovered that 
Tufnol is available in eleven other brands, each 
with pre-determined properties. 

All brands of Tufnol are laminated plastics; each 
formulated to satisfy specific requirements. If 
your birthday falls between January 1st and 
December 31st this could be your lucky week— 
the week you discovered Tufnol. 

Phone or write to your local Tufnol Branch 
Office and we predict that you will thank your 
lucky stars. 


Tufnol Limited, 
Perry Barr, Birmingham 22B 
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Mercury 160L Tractor with Kirkstall Axles towing a Boeing 707. 


KIRKSTALL FORGE ENGINEERING 


LIMITED LEEDS, 5 


Telephone: Horsforth 2821 
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One tool does the work of two! 


One operator with this Desoutter tool 
can do two jobs; he can tap holes and 
run studs, and he can do both jobs 
quicker, easier and cheaper. The 
Desoutter tapper-studrunner is just 
what you want on one-off assembly 
work. It works on the push-pull 
principle; when you pull it out it 
reverses automatically at twice the 
forward speed. And it has a quick- 
release chuck that lets you change over 
from tapper to studrunner in seconds. 
There's a type, size and weight for the 
job you have in mind. Ask us for further 
details. 


TAPPING 
SPEED 


REVERSED 
SPEED 


CAPACITY 
IN 
STEEL 


WEIGHT 


DOUBLE YOUR MONEY 
WITH Besoutere 


DESOUTTER BROTHERS LIMITED 
THE HYDE - HENDON - LONDON - NW®8 - COLINDALE 6346 
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Clutches by BORG 


Borg & Beck clutches have a 
by a combination of brillia 
excellent workmanship. 


Basic features include unifort 


pressure-plate of great rigidit 


release-lever system having tl 
centre cushion drive plates wit 
a great deal to smooth the tra 
The illustration at left shows 


these are made in the follc 


a. 


The strap drive, shown in the 
clutch, permits the pressure-f 
to-metal sliding contact. It wa 
clutches and its success has | 
‘extended range is now as foll 
and larger sizes on applicatior 
In addition, the 18” R.4 hea 


single or twin-plate type. 


For tractors and other equip 
Borg & Beck clutches, enab 
for both propulsion and drivi 


In addition there is a wide rz 


clutches and power take-offs. 


BORG & BECK 
LEAMINGTON SPA, WAI 


£4 
XA 


ONE OF THE AUTOMOTIVE PRO 


contributions to the B 
Ved 




















& BECK 


REGD, TRADE MARK 


eved their sweeping success 
design, fine material and bs Ce ge —_—, %° \ 


spring pressure on a heavy 
and heat capacity, with a 
minimum friction. Spring 
built-in dampers have done 
nission of the modern car. 


e of the ‘A’-type clutches; 
ing sizes: 61”, 71”, 8”, 9”, 


ght-hand picture of the 12” 
te to travel without metal- 
rst introduced in the larger 
*n so Outstanding that the 
rs: 8/83”, 12”, 13”, 14”, 15”, 


-duty clutch is available in 


“nt there are two two-way 
g the one engine to serve 


y equipment or implements. 


ge of Rockford over-centre = 


IMPANY LTD. 
VICKSHIRE, ENGLAND 
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EASIER DRAWING AND PRESSING... 


RAGONITE is sheet steel which 

has been given a coating of pure 
zine on both faces. It has a number of 
advantages over ordinary, uncoated 
sheet steel. During drawing and press- 
ing operations, for instance, the sur- 
face properties of Dragonite are main- 
tained. In fact, the fine-grained 
structure 
pure zinc actually assist fabrication 


and 


natural ductility of 





res 








Photograph by courtesy of Lec Refrigeration Ltd 


Another reason why industry is changing over to 


DRAGONITE 


ELECTRO-ZINC COATED SHEET STEEL 


by acting as a dry, solid lubricant. 

This ductility of Dragonite cuts 
manufacturing costs because it makes 
longer press runs possible and length- 
ens tool life. 

There are many more good reasons 
why you should be using Dragonite. 
For fuller details, please write for a 
copy of the Dragonite Technical Hand- 
book to: 














These are some of the 
industries in which 
Dragonite is being used 
extensively : Office 
Equipment; Elevators; 
Agricultural Equipment; 
Automobile Industry; 
Domestic Appliances, 
Radio Equipment, etc. 
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In the field of Power steering, Hyline 
Assemblies have already proved their 
efficiency over a number of years 

The hose has been developed to give 
maximum burst rating and high impulse 
life with adequate safety margin, 











controlled volumatic expansion and 
noise restriction 
End fittings are produced to customers’ 
specifications 
terature showing sizes and 
ssures is availiable request 
blicity Dept., Birmingham, whilst 


nical Sales Staff at Redditch will 


vise on specific app ation 





POWER STEERING ASSEMBLIES 


OIL SEALS AND GASKETS LIMITED 


FACTORY CENTRE BIRMINGHAM 30 
TELEPHONE: KINGS NORTON 204! 


HOSE DIVISION, STUDLEY RD., REDDITCH, WORCS. 
TELEPHONE: REDDITCH 3661 
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Sometimes it pays to stick your neck out 


The juiciest plums are at the top of the tree: perhaps you dream of reaching for them? But that means 
tu added 


growing. And growing costs money. Money? Why, that’s just what UDT is for. If it’s time 
you enlarged your 


or replaced equipment: if it’s time you modernised your production: if it’s time 
plums. 


premises: then it’s time you came to us at UDT. Maybe we can help you to those juicier } 


UDT ©: 


UNITED DOMINIONS rRUST (COMMER < 
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New projects of science and industry, 
improved methods of production and 
new materials to be worked, 

have brought a challenge— 

a challenge to provide cutting tools 
equal to these new demands. 

A challenge met by DORMER, 


Our experience, technical knowledge 





and constant research enable us 

to keep up with modern developments 

and our methods of manufacture 

are co-ordinated to maintain 

our position in the forefront 

DORMER TOOLS consistently answer 


present-day needs, and 


anticipate those of the future. 


STAND 7407 
International Machine Too! Exhibition, Brussels 
SEPTEMBER 3—12 


D/O}R|MiE 
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EXCHANGE OF 
COMPLIMENTS 


The impressive new Ford will earn enthusiastic 
compliments from trade and public alike. 


No manufacturer is more exacting than 


BOO9 


in the choice of components. The Silentbloc 





Group take it as a very great compliment that 
so many of their products are incorporated in 


this brilliant new model. 


SILENTBLOC Ben ANDRE RUBBER 


L 7 Faw UF 

















SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
ANDRE RUBBER COMPANY LIMITED KINGSTON BY-PASS SURBITON SURREY 


roadway $113 
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David Brown MACHINES 


... with 
David Brown CUTTERS 


* o 
Diag 


.. . With David Brown 
MEASURING EQUIPMENT 


... for best results! 
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Co-ordinated equipment 
for maximum 

efficiency 

on gear shaving 


All your gear shaving and testing equipment from 
one organisation. The perfect relationship in design 
and performance, giving peak efficiency at every 
stage. That’s the ideal for best results. 

And that’s what you get when you buy David Brown 
gear shaving and measuring equipment. 


David Brown are ready to prove it ! 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 
MACHINE TOOL DIVISION, BRITANNIA WORKS 

SHERBORNE STREET, MANCHESTER 3 

Telephone: BLACKFRIARS 4711 

TOOL DIVISION, PARK WORKS 


HUDDERSFIELD 
Telephone: HUDDERSPIELD 3500 


OA 64094 














HOW TO SAVE SPRING WEIGHT 
| WITHOUT INCREASING STRESS 


Production spring with 6 
leaves redesigned as a 
4-leaf Ideal spring. 


15-leaf commercial 
vehicle spring redesigned 
as 12-leaf Featherlight 
equivalent without 
increase in maximum 
stress. 


‘featherlight 
IDEAL SPRI te 


TOLEDO WOODHEAD SPRINGS LIMITED 


AYCLIFFE NR. DARLINGTON and SHEFFIELD 3 


Tws #1 
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Is your future guided by 
Torrington automotive bearings? 


ment possible, providing a partnership in progress 
to ensure future advances in the design, material 
and performance of antifriction assemblies. For 


Emphatically, yes. These bearings, backed by 
Torrington’s creative engineering, will be vital to your 
future progress. Tomorrow's designs will profit from 
the advantages offered by these unique antifriction 
bearings. But for Torrington Needle Bearings, 
advances such as automatic transmissions, power 
steering and windows, and other power-operated 
equipment might still be in their infancy. Torrington 
offers creative co-operation to the research and 
engineering people who make automotive improve- 


PROGRESS THROUGH PRECISION—IN BEARING DESIGN 
AND PERFORMANCE call in our engineers, and/or send 
for full descriptive literature. 


THE TORRINGTON COMPANY LTD 


Bearings Division: Torrington Avenue, Coventry. London and Export Office: 
7-10 Eldon Street, E.C.2. Glasgow Office: 50 Wellington Street, C.2 
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Bonding a sealing strip in the weather 
channel round the engine of an Austin 7 
with adhesive based on Du Pont neoprene 










At the Austin Motor Company's works at Longbridge, 


Birmingham, a large number of the assembly jobs involve 

bonding. Roof-linings, dashboard fittings and some 

weather-stripping require a secure and lasting bond. 

@ Up until 1958 many different types of adhesives were in use, 

rendering both the assembly work and the stock position 

unnecessarily complex. These were two of the reasons why the 
British Motor Corporation seized the opportunity to change 

to a neoprene-based adhesive that would do all the 

jobs previously done by a large variety of rubbers and cements 

@ Du Pont neoprene is chemically stable and will dissolve in Be \\ [) | \\ ¢ 


solvents and solvent mixtures to give adhesive solutions of 
varying viscosities and drying rates. It can be compounded to 
form the ideal adhesive for an almost limitless range of materials. 
For leathercloth in particular a neoprene-based adhesive is 
recommended. It will not weaken with age or degenerate under 
those extreme conditions of weather to which exported vehicles 
are often subject. Bonds effected by solvent adhesives based 
on Du Pont neoprene are also highly resistant to degradation 
by oils, chemicals and water, as well as heat, sunlight and ozone. 
®@ To find out how adhesives based on Du Pont neoprene can 
solve your bonding problems, send the coupon below for further 
information and list of suppliers to the Du Pont Company 
(United Kingdom) Ltd., 76 Jermyn Street, London, S.W.1 






NEO! RENE Du Pont Company (United Kingdom) Ltd., 76 Jermyn Street, 


London, S.W.1, England. Please send me /iterature and a list of 
suppliers of adhesives made from Du Pont neoprene. 


NAME 
POSITION 


REG US. pat. OFF. COMPANY 
Established 1802 


BETTER THINGS FOR BETTER LIVING ADDRESS 


.. THROUGH CHEMISTRY 


ENGINEER af! 
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NYLON AT ITS BEST 
iS CALLED... 


i ae ee ee ee 





The Nylastic bearing is now firmly established in the Automotive 
world as the ideal bush for many swivel arm and lever applications. 
Nylastic is also used for track-rod ends, diesel fuel pump coupling 
discs, chain reaction pads, cable support clips, thrust washers etc., 
and is used with combinations of rubber and metal for steering 


column bearings, anti-vibration clips, earthing clips etc 


The experience gained over the past years enables us to give a 
unique service in advice and design for this increasingly popular 
material. Our Technical Staff is available to give full information about 
Nylastic, and to produce drawings and suggested schemes for 


your particular applications 


HOWARD CLAYTON-WRIGHT LID 


WELLESBOURNE - WARWICK - ENGLAND 


Telephone: Wellesbourne 316. Telegrams: ‘CLATONRITE’ Wellesbourne 
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what does it mean? 


So often this question is asked. When, nearly 20 years 
ago Bentley Motors started producing Motor Cars, 
the hour glass type of piston proved to be so 

noisy that a new design was developed and patented. 
The Patent was granted in the names of three 
eminent engineers, and the first letters of 


their names became the symbol of this famous piston. 


Manufactured by 


Automotive Engineering Limited 


(One of the Sheepbridge Engineering Group) 
THE GREEN - TWICKENHAM * MIDDLESEX 


Telephone: POPesgrove 2206/9 Telegrams: ‘MOTIF’ Twickenham 
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FALKS “Truncolite’ 
is in 10 ft. lengths 
and can be used 
with 4. 5 or 8 ft. 
fluorescent fittings. 
single or twin lamps, 
with or without 


reflector 


FALKS © Truncolite’ 
for Large-scale 
Industrial Lighting 


“ame 


FALKS “'Truncolite” provides you % FALKS, the long estab- 


am lished lighting special- 
\ 


with an infinitely extensible and 

widely adaptable base for fluores- ists, designers and man- 
ligh h : ufacturers of all types of 

cent lighting schemes using con- fittings. Lighting Engin- 


' 


tinuous trunking. “‘Truncolite” is | 


ideal for all large-scale industrial , available. THERE'S A MODERN FALKS 
, We weicome your inquiries FITTING FOR EVERY PURPOSE 


eering Services freel 
g y 


lighting applications. 
81 FARRINGDON ROAD, LONDON, E.C.1. Tel: HOLborn 7654. London Showrooms: 20/22 MOUNT STREET, PARK LANE, W.1, Tel: MAYfair serie 
AP 1% 
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— assembled to customers 
drilin g requirements 












Herbert All-electric Drilling Machines are made in ten types 
for drilling holes from the very smallest, at 18,000 r.p.m., 
up to 1}” diameter. 

This equipment meets all general-purpose single or multi- 
spindle requirements. Unit construction and interchange- 


ability enable special requirements to be easily met. 


We will quote for machines and equipment to meet special 


requirements for drilling, tapping and associated operations. 





Three Type M Multi-spindle top columns on a common base for drilling seven *328° 
dia. holes and drilling and tapping five }" dia. 26 t.p.1. holes in a gearbox inner cover. 


Cover located in traversing fixture. Floor-to-floor time is 3 minutes. 


cuneate HERBERT LTD., COVENTRY 
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THIS IS 


bright ? 
finish ? 
rust ? 
light ? 
strong ? 


bright! 
in the metal! 
















cant! 
light! 
very | 















BRITISH 


THE BRITISH ALUMINIUM COMPANY LTD 








ALUMINIUM! 





Aluminium has countless uses for the car designer. 
For instance: window trim, windscreen trim, 
headlamp bezels, lamp housings, wheel discs, 


grilles, tread plates, 


fascia panels, interior trim, bumpers. 


ft technical consultan 
ving problems 
Take advantage of this 
roblems. They will be only 
lvice and assistance 


nutacture 


ALUMINIUM 


Norfolk House, St. James's Square, London, SW1 | Trafalgar 8888 
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Those difficult moments. Doubts? You can’t avoid Sr ti 
. them even today. So it’s good Pastry at the veer of 
Aching back. Sore hands. when something comes along rete savecniratng 





Strong words! Doubts begin ! with no doubt involved. Like Panini is Sates 

to occur. Internal the choice of BP Diesel. tiaes aie Gee 
: : BP Diesel is available at Agency 7 

Combustion begins to sites throughout Britain. And 

seem an infernal mistake. with a Diesel Agency Card 


issued by Shell-Mex and B.P. Ltd 
your drivers can fill up with 
BP Diesel on credit, or cash 


PETROR at agency rates. 4 





A ENCY < THIS 1S THE SIGN TO LOOK FOR 
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Talking about Production Tools Are you needing ¥ reversimxe screworwer ano 


NUTRUNNER P 3019-URSC-2000) 
Features the adjustable ratcheting clutch. 
Screw tightness or torque varied by ad- 


a single tool for a special job . . . or several hundred for a big 
production programme? You will find all the answers to your _ justment of tension of a spring which 
7 holds ratcheting jaws together. Provides 


problems in the CP range. Every compact and powerful CP tool — impact tightening action at desired 
degree of torque, clutch jaws then engage 


has been fully proved in tough service conditions like the new 3019 and disengage until tool is removed. 


Capacity: {° Machine Screws,No.6 wood screws, 


Nut runner shown above. It’s reliable and efficient, designed for 
its job, and saves you money every moment it is used. If you : ; 
want to put new impetus into production, switch to CP tools (onsolidated Pneumatic 


and watch work out put 80a r! L ite rature 1s ava ilable on reque st. Consolidated Pneumatic T20! Co. Ltd, Dawes Rd, Londen, SWE 
CT *6; 
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fitted to the world’s finest 


— and fastest cars 


WHY ? 
1. Reliability 


under all conditions of service. 


Engineers seeking high quality 
hypoid azles or gears are reminded 2. Silent Operation 
that there is a wide Salisbury range throughout an exceptionally long life, 


to cover most requirements. due largely to 


Rigidity 


of the assembly, the essence of good design 


= , & 5 in driving axles. 
SGAldh “O/C TRANSMISSION LIMITED 


> 


BIRCH ROAD +: WITTON : BIRMINGHAMGE 














Member of the wade’ Birtield Group © 
TTT 
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Alda 
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and 


fluxes 


The British Oxygen Company Ltd 


I, O 
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In the manufacture of C.A.V. fuel injection equipment, quantity 
production methods have to be combined with fine limit precision 
work demanding a high degree of skill and scrupulous care. The 
delicate operation of drilling the spray holes 0-008 in. diameter 
in the tips of injector nozzles calls for the touch of a master 


craftsman. 


The World's Largest Manufacturers of FUEL INJECTION EQUIPMENT 





C.A.V. LIMITED - ACTON - LONDON WS3 


26 
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LAPASLA 


takes care of the braking 
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= iit 53: hi 
CAPASCO LIMITED - 114 & 116 PARK STREET - LONDON Wit TELEPHONE: GROSVENOR 6022 


TA S261 
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-FULL-GRIP NON-SLIP P 


- the first major development in belt drives in 60 years 


= Greater power transmission = Less power loss 
= Cooler running—with minimum wear and abrasion and maximum life 
= Economy in space, weight, and replacement costs 


4 POLY-V belts are an 
@ entirely new concept in 
transmission drive... 


POLY-V* belt’s multiple ribs grip pulleys throughout the entire friction 
surface—a surface twice the area of conventional multi-drives, one third 
more than conventional single drives. 


Power wastage, slip and abrasion are reduced to minimal proportions. 
Because of the higher ratios made possible, transmission systems can be 
simplified and reduced to minimum size, weight and cost. A far more com- 
pact drive unit can be achieved and the shallow grooves permit easier 
fitting and replacement. 





POLY-V belts are made from synthetic rubber compounds (having the 
heat-and-oil-resistant properties of today’s ‘‘Premium’’ V-Belts). Strength 
is given by high-tenacity synthetic cords. The base rubber is ‘soft’ com- 
pared with orthodox ‘V’ Belts—its action resembling a hydraulic fluid and 
forcing the rib into perfect mating with the pulley grooves, with even 
overall pressure. 
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LY-V B ELTS NOW available in Britain! 


Ahbhbheeseeseedd 3) THERE ARE THREE BASIC RIB SIZES OF POLY-V BELT 


Rib Quantities 
Minimum Maximum 
J 4, in. 2 
L in. 6 
M 2 in. 4 








Section Rib Width 





16 
20 
20 














SSSSSSSSSESSSSSSSSSH SESS SSSSSSSE SS SSE SSOS SSCS SSCS SCC ES 


V angle is 40 in each case. 


SPECIAL APPLICATION OF “POLY-V’’ BELTS FOR THE AUTOMOTIVE INDUSTRY 


The advantages of POLY-V belts have been amply proved in 
America—where they are now extensively used throughout 
industry. 

In the design of engines for heavy public service and commercial 
vehicles, POLY-V drives can replace the multiple systems used for 
fan, water pump and generator drives with a single belt and pulley 
system—and transmit the same horsepower from narrower pulleys 
eliminating the necessity to fit matched belt seats. 

POLY-V belts can give neater, more efficient drives for air-con- 
ditioning units, supercharger and tachometer drives and pump 
units on power steering equipment. Further usage may be for 
dynamo drive in motorcycles—perhaps even as a direct drive for 
mopeds and lightweight motorcycles, 


~“W & BELTS ARE MARKETED TO 
UTE LTT THE AUTOMOTIVE INDUSTRY BY 
TRADE MARK 





s 


FERODOw™ % 


Designers and engineers are invited to write for further technical information from: 


DERBYSHIRE A Member of the Turner & Newall Organisation 


*Turner Brothers Asbestos Company Limited (an associate company of Ferodo Limited within the 
Turner & Newall Group) are the sole licensees of Raybestos-Manhattan Inc. in the U.K. for the manu- 
facture and sale of Poly-V Drives which are protected by Patent No. 720,444 (other patents pending). 
é is the property of Turner Brothers Asbestos Company Limited and the trade mark “Poly-V" is 
used by arrangement with them, 9/43 
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Just as you specify rolling bearings for rotary motion, so these R 8 M Ball Bushings bring 
you equivalent performance for linear movement. The self-contained re-circulating ball principle 
provides a neat compact unit as easy to handle and install as a plain bush. Leading companies in 
America have proved the value of Thomson Ball Bushings. Now they are made in Britain by 
Ransome and Marles Bearing Company 


under U.K. patent 707039. 


}-— Loed Corrying Bells —-} 


Ball Bushings are fully described sea 


in R 8 M publication 76. If you have ee 








linear motion, then you need a copy. 


Sole concessionaires for Great Britain and the Commonwealth 


RANSOME & MARLES BEARING COMPANY LIMITED 





NEWARK-ON-TRENT * NOTTS © TELEPHONE 456 ¢ TELEX 37-626 
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ADAMANT ENGINEERING CO. LTD., 
Sold Proprietors of the Marlies Steertng-Company Ltd 


Telephone: Songjhg 235% / Telegrams: Adamant, Reading 
S&S 


Marles 
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It’s ‘odds on’ that whatever 
your broaching requirement, 

a Lapointe machine exists 

or can be adapted to do the job 
for you—better, faster. 

This HP 100 x 100 horizontal 
broaching machine, for example, 
broaches rectangular holes 

54” wide = 23” thick = 12’ long 
from a hole 24%” diameter. 

The operation used to take 

40 hours; now, using 

a 14 broach set-up 

designed to make it automatic 
from start to finish, 

production time has been cut 

to less than one hour! 


Gate Valve Body, weight 300 lb. 


By courtesy of Cameron Iron Works, Leeds. 


Lapointe collaboration begins 

at the design stage. 

For problems like this, and others, 
it pays to— 





for better broaching 





The Lapointe Machine Tool Co. Ltd. 
Otterspool Watford By-Pass Watford Herts 

Watford 31711 (4 lines) Cables: Lapointe Watford 

Subsidiary: Lennie & Thorn Limited Bracknell) Berkshire 

also The Lapointe Machine Tool Company Hudson Mass. USA 
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Specialists in the technical rubber 
field, we manufacture both the 
rubber and the metal parts and 
then effect the bonding — all in 
our own factory. The result ? 
Long lasting unions under all sorts 
of conditions. 


Precision moulding, of natural and 
synthetic polymers and resins 
can be carried out in our factory 
to tolerances of 0°001” or 0°002", 
according to requirements. Our 
technical, scientific and design staff 
also carry out experimental work 
on new designs and applications. 
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@ Mechanical rubber products and 
assemblies of all kinds 


@ Rubber to metal bonded 


resilient mountings 


@ Shock damping assemblies 

@ Rubber r ds and ting 

@ Hee! block wedges 

@ Rubber springs for buffir g and 
draw gear for rolling st 

@ Vestibule diaphragms 

@ Rubber gaskets, seals and 


extrusions 


@ insulators 


EXPERTS 


AND ESPECIALLY IN THE 


TECHNIQUES OF COMBINING 


RUBBER AND METAL 


U3 


SHEFFIELD 


A Member of the Tempered G 








IN RUBBER TECHNOLOGY 


TEMPERED RUBBER COMPONENTS 
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‘SNOW! SURFACE GRINDING 
_* MACHINES 


for continuous and accurate production 








These vertical surface grinders are robustly constructed 
for the high-output production of flat surfaces on almost all 
types of material. They can be relied upon for maximum 
production with minimum down time for servicing and 
maintenance—requirements of particular importance in the 
motor industry. 

Available in a range of sizes with segmental grinding 
wheels up to 30 in. diameter and power of main drive motor 
up to 75 h.p. 





a 


i B33 cs cena 


This Type V18 Snow 
Vertical Surface 
Grinding Machine 
installed at Fisher 
cad Ludlow Ltd., 
Birmingham, is 
grinding the centre 
faces of rear axle 
casings. 


World Wide Distributors 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Ajso at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
N469 
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Wiehe sawn oo 






A line of Drummond No. 2A 
Maxicut Gear Shaping Machines 
fitced with magazine type auto- 
matic loading equipment at the 
Austin Motor Co. Ltd 










The Maxicut Gear Shapers in this line 
are equipped with swinging arm type 
automatic loaders, also at the Austin 
Motor Co. Ltd 









For the mass production of automobile gears, Maxicut 2A Gear 
Shaping Machines can be arranged with either magazine or swinging 
arm type Automatic loading as illustrated. The equipment is 
generally adaptable for use on a wide range of components for 


cutting gears, splines etc. Write today for further details 


DRUMMOND BROS. LTD. 
GUILDFORD - ENGLAND 


Member of the Asquith Machine Tool Corporatior 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM, Phone: Midland 3431. Also at LONDON Phone: Trafelgor 7224 & GLASGOW Phone: Contre! 0922 


0494 
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THOS. P. HAWKINS & SON LIMITED, 


BRUNSWICK ROAD, BALSALL HEATH, BIRMINGHAM. TELEPHONE: CALthorpe 1101. GRAMS: “Hawkeye, Birmingham”’. 
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that’s not all... 


In the manufacture of propeller 
shafts and universal joints, Hardy Spice! 
are without equal. Through long 
association with every leading British 
vehicle manufacturer, Hardy Spi 

have acquired that kind of 

technical ‘know-how’ which can 
result from many years’ experie! 

Skill and ingenuity are not 

enough. The vital ingredient 
necessary before propeller shafts 

and universal joints can be 
mass-produced to give sn 


dependable transmission 


HARDY SPI 


PROPELLER 


HARDY SPICER LIMITED 
1ESTER ROAD: ERDINGTON ° BIRMINGHAM 24 T ERD 





AUTOMOTIVE If VISION OF B 
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Cast 
with 


Precision 












* Aluminium and magnesium alloy castings by 
sand, die, shell and plaster mould methods. 


%* Engine blocks and cylinder heads 
in high duty iron, 


* Castings of the highest quality in the 
desired quantities at the right time. 


% The greatest technica! experience 
augmented by quality control 


Automatic Transmission Part 
of production. 


in Aluminium produced by 
Shell Moulding. The slots 
are in the ‘as cast’ state 
and are not machined 

By courtesy of 

Hobbs Transmission Limited 








STERLING METALS LTD 


PHONE NUNEATON 4221 


oH] 
in 
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Photo-montage by Geoffrey Gale 








Engine Testing “know-how” 


Froude was the first name in Dynamo- 
meters— Heenan & Froude experience 
remains unrivalled in this exacting field 
of engineering today. A test with a 
Froude Hydraulic Dynamometer is de- 
finite and recognised as such throughout 


the world. Froude Dynamometers, avail- 


Froude size G.4 
Hydraulic Dynamometer 
for powers up to 

350 B.H.P. at speeds 
from 2000 to 6000 r.p.m. 





DYNAMOMETERS BY 











able in a very wide range of sizes and 
capacities, are successfully serving many 
leading manufacturers in all chief coun- 
tries, and don’t forget, Heenan & Froude 
experience is also behind the well-known 
Heenan Electric and Heenan-Dynamatic 


Eddy-Current Dynamometers. 


Automobile Engineer, Augt 








Photo-montage by Geoffrey Gale 


























RUBERY OWEN Motor Division 


more thin mes the eye 


Unseen by tens of thousands of proud owners — the 
sub-frame on the ADO15, never-to-be-forgotten code for the 


~ 





Austin and Morris babies, was one of the toughest 
propositions ever taken on by a Black Country Supplier. 

In the end we thought up a §-station Multi-head Automated 
Spotwelding machine to stick all the bits together in a 

httle more than a minute. RO technique underlies 

many a motor engineering miracle 


Manufacturers of vital components 





RUBERY OWEN & CO. LTD., MOTOR DIVISION, DARLASTON, STAFFS. 
Member of the Owen Organisation 
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Operation: Drilling with 5/32” drills. 
Material: Special Composition Stainless Steel. 


Problem: Drill had to be re-ground twice for 
each hole — even then the drills were 
‘‘jibbing”’’ and breaking off. 


Solution: R.T.D. Compound was applied to the 
drills. Fifteen holes were then drilled before 
re-grinding—and the finish was 100% better. 


See the instant improvement that R.T.D. Compound 
brings! Produced specially to deal with the extremely 
high pressures encountered in drilling, tapping or 
reaming tough stainless or alloy steels,nickel or 
titanium, Rocol R.T.D. Compound cuts machining 
time, gives better finish, and increases tool life. 


Write today for literature and FREE TRIAL SAMPLE OF ROCOL R.T.D. COMPOUND 


ROCOL LIMITED vex:.8 


GENERAL BUILDINGS * ALDWYCH ° LONDON W.C.2 ‘ TEL: HOLborn 1985 
ROCOL HOUSE : SWILLINGTON : NEAR LEEDS - TEL: Garforth 2261 


78796 
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DESIGN 
PROTOTYPE 

& PRODUCTION 
WORK, 
tract —_ 





_ BaTTON ROAD, EXHALL, NR. COVENTRY. TEL: BEDWORTH 2071 (P.8.K) r 
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CROWN 
WHEELS and 


PINIONS 





A vital contribution to the 
efficiency and reliability 
of cars and trucks 





supplied by 


7S IRTH-DERINO\- 


SHEFFIELD & DARLEY DALE 


High Quality Drop Forgings 
for the Automobile and Aircraft Industries 
THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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DISTRIBUTORS OF MATERIAL IN BULK 
IN GT. BRITAIN 


j. A. NORDBERG LTD 


171 QUEEN VICTORIA ST 
LONDON, €E.C.4 
Tel: Central 9678 


FOREIGN & COLONIAL ENQUIRIES TO 


H. JACKSON LTD 


OAKENCLOUGH, GARSTANG 
Nr. PRESTON, LANCS. 
Tel: Garstang 3308 





, GRACO 


AND SILICONE RUBBER 


] oO TD OIL SEAL DIVISION, COAST ROAD, WALLSEND-ON-TYNE, ENGLAND 
GEORGE ANGUS & Co [7? 91 884t owision, < tOAD, WAL we OLAND 


~ 
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Advanced techniques 
and reliable service 
have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER 




















POLLARD BALL & ROLLER BEARING CO. LTD 


FERRYGBRIDGE - KNOTTINGLEY + YORKSHIRE «+ Tel: 2323 + Telex: 55166 





distribution throughout the world 
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These are manufactured in a range of all normal sizes. 


The bucket type (hollow and without windows) has virtually become 


standard practice and we always recommend this type for 


new designs where possible. We prefer to supply the fully 
machined tappet and where the design includes a ball seating, 
this can be locally hardened without disturbing the chill 


of the operating face. 


THE BRITISH PISTON RING CO. LTD. COVENTRY, ENGLAND 


Azz AN ASSOCIATED ENGINEERING LTD COMPANY 


614 Cogent 





molelaiate my a=) 41°2 40) 
into your transport 


| DARTMOUTH AUTO CASTINGS LTD SMETHWICK 40 STAFFS 


DARCAsSrT 
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Which dog ? 


For centuries the dog has been 
man's best friend - and over the 
centuries different breeds of dog 
have developed exactly the 
right characteristics for the job 


they have to do. 


In a much shorter space of 
time the many varieties of 
the four basic types of rolling 
bearings have been develope 

by SSS to be exactly right 
for the job they have to do. 
And because SOS is the 
only British manufacturer 
making all four you can be 
sure of obtaining exactly the 


right ‘breed’ - every time! 


THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 


THE ONLY BRITISH MANUFACTURER 
OF ALL FOUR BASIC BEARING TYPES: 
—BALL, CYLINDRICAL ROLLER, 
TAPER ROLLER AND SPHERICAL ROLLER 
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WORKS METHODS 


Adhesives for Metal-to-Metal Joints 


5 pw months ago a new British car was announced 
in which the bonnet lid stiffening frame is attached 
to the outer panel by means of an adhesive. Obviously, 
there are other applications for this method of making 
metal-to-metal joints. Hitherto, although adhesives 
have been widely used for this purpose in the aircraft 
industry, they have been rejected by automobile 
engineers on the following grounds. The time required 
to cure the synthetic resin adhesives was too long, 
elaborate jigs were necessary to apply the requisite 
pressure to the joints, and the production set-up was 
further complicated by the fact that heat had to be 
applied for the curing process. 

Now the situation is changed. Synthetic resins are 
available that cure in about two minutes. While the 
components are undergoing this process other assembly 
operations can be made on them, so the curing period 
does not necessarily have to be idle-time so far as plant 
utilization is concerned. As is well known, elaborate 
jigs in any case are to be found in modern production 
lines for welding operations; in fact, it is probable that 
the jigs for adhesive jointing would not need to be 
complicated. With regard to the objection mentioned 
at the end of the previous paragraph, catalytically cured 
resins are now available, so the application of heat is 
unnecessary. Even where heat is desirable, curing 
might be done in the paint drying ovens. 

The advantages of adhesives for vehicle body con- 
struction are as follows. They distribute the loads more 
uniformly than is possible with spot welds. Secondly, 
by virtue of their initial plasticity and their inherent 
elasticity when cured, they generally obviate any ten- 
dency for local stress concentrations to occur during the 
assembly operation. Moreover, they assist in damping 
vibrations. Also, synthetic resins are good insulators, 
so galvanic corrosion at the interfaces should not present 
any problems. Since the temperatures at which the 
joints are made, even if heat is required for curing, are 
much lower than those attained during welding, distor- 
tion of the components is obviated. The outer surfaces 
of the parts joined are unaffected in any way and, 
therefore, their finish is not impaired for painting. 
Another feature which, in certain applications, could be 
useful is the relative ease of making watertight joints. 

Synthetic resins used for adhesives make joints 
having shear and tensile strengths of the order of 
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10,000 Ib/in’. Fears have been expressed to the effect 
that stress concentration, due to local peeling-loads at 
one end, might cause the joint to tear apart. By suitable 
design, however, this generally can be avoided—it is 
well known that any glued joints perform best if they 
are arranged so that they are subjected to only shear 
loading. Even if this were to be impracticable, the 
employment of, perhaps, no more than one spot weld 
at each end would be sufficient to prevent peeling. This 
latter measure could easily be employed where the lay- 
out is such that the end spot welds can be concealed. 

The general reliability of bonded joints can hardly 
be in question. They have for many years been used 
on aircraft, where structural security is, of course, the 
prime consideration. Engineers in that field have used 
bonding for the construction of components of excep- 
tionally complex shape, and of honeycomb structures. 
Therefore, it should be easily practicable to bond many 
motor vehicle components. 

Currently, of course, the unsightliness of spot welding 
on exterior panels is accepted for some commercial 
vehicles, because of the heavy loading to which their 
structures are subjected. The advent of suitable 
adhesives provides manufacturers with an opportunity 
to avoid this expedient. Where, for the sake of external 
appearance, an alternative and not altogether satis- 
factory arrangement has been accepted as a compromise, 
the employment of bonding might give better results 
and also simplify construction. 

Everyone appreciates, of course, that extensive 
development tests will be necessary before any adhesive 
can be accepted. Fatigue life of bonded joints under 
the conditions experienced in road vehicle operation 
is one of the unknown factors, although in other appli- 
cations fatigue strength has been proved satisfactory. 
Not only must the resin stand up to laboratory tests of 
its physical and chemical properties but also it must be 
shown to retain those properties when contaminated by 
hydrocarbon fuels and oils, and under all climatic con- 
ditions to which it might be subjected in service 
throughout the world. Nor must it be forgotten that, 
in some commercial vehicles, it will be subjected to 
chemical contamination by the load carried. So far as 
contamination with hydrocarbons is concerned there 
should be no difficulty, since there is a large fund of 
experience in ai:craft operation to be drawn upon. 





In spite of the large number of tubes necessary for rigidity, the space type frame weighs only 734 |b. This low weight results{from the use of 
Reynolds 531 alloy steel tubing, mainly of 1 in and § in diameter; all the joints are Sifbronze welded, thus minimizing the risk of distortion 


Ferguson Racing Car 


Part Il: The Space Type Frame, Body, Front and Rear Suspension, Steering 


Layout and Braking System 


ip accordance with the current practice for racing cars, 


the Ferguson Project 99 vehicle has a so-called space 
frame. If correctly designed, a frame of this type—consisting 
of a multiplicity of small-section tubes—should, of course, 
be both lighter and torsionally stiffer than one based on two 
side members of channel, box or tubular section. Admittedly, 
the stressing problems involved are more complex, manu- 
facture is more difficult and the layout may give rise to some 
restriction of accessibility, but these disadvantages are 
clearly of less importance in a racing car than they would 
be in a vehicle intended for normal use. 

The frame of the Ferguson car is constructed of Reynolds 
531, 18 s.w.g. steel tubing; all the tubes are of circular 
section and, with a few minor exceptions, are of either 1 in 
or ,in diameter. Every joint is Sifbronze welded, because 
the relatively low temperatures involved minimize the risk 
of distortion or of embrittlement near the weld. It is note- 
worthy that the use of high-strength tubing has enabled the 
weight of the complete structure to be kept down to 73+ lb. 

In effect, the structure comprises five bays: the leading 
one provides anchorages for the radiator and the front final- 
drive unit and suspension; the engine is installed in the 
second bay, and the gearbox assembly occupies the third one. 
Although the driver’s seat is in the fourth bay, his legs 
extend through a bulkhead into the third one, alongside the 
gearbox. The final bay is the counterpart of the first one, 
in that it carries the rear final-drive unit and embodies 
anchorages for the suspension. 

Because the disposition of the tubes is clearly shown in 
the accompanying illustrations, there is no need of a full 
description, though several points are worthy of specia! 
mention.» In the first place. the bulkhead mentioned in 
the previous paragraph, which adds considerably to the 
torsional stiffness of the structure, is constructed of both 
tubing and sheet steel. It consists of inner and outer hoops 
of g in diameter tubing, which are welded to a 22 s.w.g. sheet 
steel diaphragm. In the diaphragm are pierced various 
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circular holes, the largest of which is near the bottom left- 
hand corner: it has a lipped edge, for stiffness, and through 
it passes the propeller shaft between the gearbox and the 
rear final-drive unit. In the lowest portion of the diaphragm 
are four lightening holes, also with lipped edges, and at the 
top are some unlipped holes to accommodate the Smiths 
instruments. 

The lin diameter top rails of the frame are continuous 
from the beginning of the second bay to the end of the 
fourth bay. Owing to the offset of the driver to the right, 
the right-hand rail has a dip in the fourth bay, to facilitate 
access, and to give adequate shoulder room. The bottom 
rails are {in diameter and are continuous from the begin- 
ning of the second bay to the rear end of the frame. 
Lozenging in the horizontal plane is resisted mainly by a 
single diagonal member at the bottom of the frame, between 
the right-hand front corner of bay 1 and the left-hand rear 
corner of bay 4. This member is continuous, and it 
interrupts the two intermediate tubes. Additional 
resistance to lozenging is afforded by two tubes at the top 
of the frame: one is a diagonal in bay 3, from the left-hand 
front corner to the right-hand rear corner, and the other 
extends from the left-hand rear corner of bay 2 to the middle 
of the cross tube at the front of this bay. 

In Part I of this article, reference was made to the 
asymmetry of the engine mounting arrangements, on account 
of the compound angle of installation. Because of the 
obliquity of the unit as viewed in plan, the housings for the 
Silentbloc bushes of the front mountings are attached to the 
frame at slightly different positions. The right-hand 
housing is situated in the angle between two inclined 
triangulating tubes, immediately above the bottom rail, 
whereas the left-hand one is slightly further forward, in the 
angle between the other bottom rail and one of the corres- 
ponding triangulating tubes. Gusset plates reinforce both 
joints. Although the lower mountings of both the final-drive 
units are of common design, the anchorage bolts being 


cross 
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carried in brackets welded to the frame tubes, their upper 
mountings are different: the fabricated brackets for the 
bolts of the front unit are integral with the frame, but those 
for the rear ones are bolted on. 

The anchorages for the upper ends of the 
units comprise fabricated brackets of channel section welded 
to the four top corners of the frame. Immediately below 
these brackets are seatings for the bolted-on pivot brackets 
for the upper wishbones. At the rear, both pivot brackets 
for the lower wishbones are integral with the main structure, 
but at the front, only the foremost brackets are integral, the 
trailing pair being bolted on to facilitate assembly 

Under the current Formula 1 regulations, all cars must 
be provided with a roll-over hoop. This has to be mounted 
behind the driver and is supposed to be sufficiently robust 
to withstand the weight of the car if it should overturn, 
thus reducing the risk of serious head injury to the driver 
In the case of the Ferguson car, the hoop is of 20 s.w.g 
material and is detachable, to facilitate the mounting or 
removal of the bodywork; its ends spigot into two sockets, 
welded to the upper transverse tube between bays 4 and 5, 
and is secured by bolts that pass through holes drilled in 
the tubes and the hoop. 


suspension 


Body construction 

The styling of the handsome, low-drag body 
responsibility of Walter Belgrove, formerly Chief 
Engineer of the Standard Motor Co, who acted as 
sultant to Harry Ferguson Research Ltd. throughout the 
design and mock-up stages. Williams and Pritchard Ltd 
built the shell, which comprises eighteen hand-beaten com- 
ponents of 18 and 20 s.w.g. aluminium. These are the 
under-tray, which is in three parts, the nose 
assembly, the tail, the top cowling over the engine, two 


was the 
Body 


con- 


four-piece 


The oil tank, secured 
by an elastic strap 
is installed beside 
the engine, on the 
left of the car it 
is of aluminium sheet 
and, though having a 
capacity of 5 gal, it 
only contains 2 gal, 
to allow for frothing 


panels on each side, the cockpit cover, and four small 
panels round the upper portions of the suspension. Most 
of the panels are attached to each other and to the frame 
by means of Dzus fasteners. An exception, though, is the 
top cowling of the engine: since it has to be quickly 
detachable, this panel is secured by two spring-loaded clips 
on each side, mounted on the leading pair of side panels 
In the panel are bulges to clear the carburettors and the 
camshaft housings. 

On each side of the domed tail section is a large indenta- 
tion, shaped to follow the body profile; these indentations 
form outlets for the air heated by the brakes, which are 
enclosed by the shell. There are similar louvres in the 
leading side panels, to assist the cooling of the front brakes 
The exhaust pipes emerge through the right-hand panel 
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Because of the offset driving position, the cockpit cover 
is asymmetrically mounted. On the left, its lower edge is 
level with the upper wishbones of the rear suspension, but 
the corresponding right-hand edge is at approximately the 
level of the lower wishbones. The opening in the cover is 
also displaced to the right, and its edge is lipped inward for 
A Perspex windscreen, moulded by Thermo- 
plastics Ltd. and of the now-popular horseshoe form, is 
secured to the cover by eight screws and nuts. The cockpit 
cover is internally reinforced at each side, just ahead of the 
windscreen, to carry the two rear-view mirrors. To keep 
the overall height as low as possible, the backrest of the 
Microcell lightweight seat has a considerable rake. 

Enclosed within the body shell are the two fuel tanks. 
The larger of these, a Williams and Pritchard unit of 
aluminium and with a capacity of 144 gal, is at the rear 
Rubber is interposed between it and the frame, to which it 
is secured by two elastic straps. Its filler cap is accessible 
through a hole in the top of the tail cowling. The second 
tanks has a capacity of 10} gal and is of the flexible type, 
made by Marston Excelsior Ltd. It is mounted on the 
left side of the vehicle, alongside the driver, in the space 
between the frame and the side panelling. By dividing the 
capacity in this way, and drawing from both tanks simul- 
taneously, variations in the handling characteristics with 
fuel load are kept within reasonable limits. In fact, the 
variation in rear wheel loading from the full to the empty 
condition is only 8 per cent. 

The aluminium oil tank—another Williams and Pritchard 
has a capacity of 5 gal though it contains only 


stiffness 


product — 


2 gal, the surplus being to accommodate frothing. It is 


also mounted on the left, alongside the engine, and fits 
between the top and bottom rails of the frame. Location is 
effected by one of the diagonal tubes, which registers in a 
channel formed in the inboard face of the tank; an elastic 
strap forms the securing means. The filler neck projects 
inward from the leading end of the tank, and the cap is 
below and immediately ahead of the front carburettor, for 
accessibility when the engine cover is removed. 


Suspension systems 

In order to give the desired almost neutral steering 
characteristics, having regard to the balanced driving torque 
and weight distribution, the front and rear suspension 
systems have a similar layout, consisting of double trans- 
verse wishbones diverging towards the wheel. This system 


view clearly shows the clean lines of the 
aluminium body, which consists of 18 components. The indentations 
in the sides, behind the suspension wishbones, ore to assist the 
ventilation of the Dunlop disc brakes, which are mounted inboard 


This three-quarter rear 









































GENERAL ARRANGEMENT OF THE REAR SUSPENSION OF THE FERGUSON PROJECT 99 RACING CAR 
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was preferred to the swing axle type because it gives the 
designer a wide choice of roll centre heights and has more 
favourable characteristics in respect of changes of track and 
camber angle with wheel displacement. The layout, which 
was evolved by Harry Ferguson Research Ltd, is the subject 
of patents because it departs in several ways from con- 
ventional practice. Of these unusual features, the most 
obvious is the high position of the lower wishbones, which 
are level with the half-shafts. An important advantage of 
this disposition is that articulation of the suspension does 
not result in any length variation of the shafts. In addition, 
since the lower wishbones react virtually the whole of the 
longitudinal components of the dynamic loads, the duties of 
the upper wisbones are much less arduous than in an 
orthodox layout. 

Unsprung weight of the suspension systems has been 
minimized by the inboard mounting of the brakes, the 
reactions of which are, of course isolated from the suspen- 
sion. An anti-roll bar is installed at each end, to enable 
relatively low-rate springs to be used—in the interest of 
wheel adhesion and riding comfort—without making the 
roll stiffness undesirably low. Combined coil spring and 
damper units comprise the suspension medium. 

For clarity, the rear suspension will be studied in detail 
first, after which the differences of the front suspension will 
be mentioned. In the rear system, each arm of the lower 
wishbones consists of a main and a secondary tube, both of 
Reynolds 531 material. The dimensions of these tubes are 
1 in diameter X 16 s.w.g. and 4 in diameter X 18 s.w.g. respec- 
tively. Both main tubes of one wishbone are bent, just 
outboard of the middle, and are disposed so that—as viewed 
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in plan—they are closest together at the bends; the outboard 
convergent angle is much smaller than the other. Each 
secondary tube is scarfed at the ends and welded to the 
main tube to reinforce it across the bend. 

To each end of both main tubes is welded a Ilys in 
diameter = 12 s.w.g. tubular eye, which forms a housing for 
the pivot bearing. Originally, all the pivot bearings of the 
wishbones were of the unbonded, rubber type—as shown in 
the illustrations of the general arrangements—but a change 


Since the lower wishbone is at the same 
height as the half-shaft, no variation in 
the effective length of the shaft occurs 
when the suspension articulates. Glacier 
DU bearings, instead of the rubber units 
illustrated, are now used for the pivots 
of the wishbones. The Dunlop light alloy 
wheels are quickly detachable; and pegs 
transmit the drive from the hubs 


has recently been made to Glacier DU bushes, to avoid 
excessive flexibility and variable friction in the system. The 
DU bearing material, which embodies p.tf.e, was fully 
described in the May 1960 issue of Automobile Engineer. 
Each inboard pivot has its individual bolt, and the outboard 
pivot bearings are mounted on studs integral with the 
carrier for the hub bearings. 

The half-shaft lies between the arms of the wishbone 
but, for constructional reasons, the geometric centre of the 
outboard universal joint is situated appreciably inboard of 
the adjacent pivot axis of the wishbone. As a result of this 
lateral offset, the half-shaft and the wishbone do not 
articulate as one. The centre of the inboard universal joint 
is therefore also displaced inboard of the other pivot axis of 
of the wishbone; however, this second offset is slightly 
smaller than the first, to keep the length of the half-shaft 
virtually constant in spite of the variations of camber angle 
inevitable with any unequal-length wishbone system. 

Between the bends of the two arms of each lower wish- 
bone is a bridge structure comprising two fabricated brackets 
and three bolts. One of the brackets is welded to each main 
tube, and their lower ends are clamped together, below the 
half-shaft, by two bolts, one of which also secures a link 
that projects downward to the end of the anti-roll bar. 
Connecting the upper ends of the brackets is the third of 
the bolts just mentioned, on which is carried the lower end 
of the spring and damper unit; the inner sleeve of the rubber 
bearing in the eye of the unit forms a spacer between the 
brackets. 

Each upper wishbone consists basically of a single tube, 
jin diameter = 16 s.w.g, again of Reynolds 531 material, 
bent into the form of a V. So far as loading is concerned, 
a simple link would have sufficed, but it was necessary to 
provide clearance over the spring and damper unit. To the 
ends of the arms of the V are welded tubular eyes that house 
the pivot bearings. In the earlier arrangement, shown in 
the accompanying half-tone illustration, the pivot bolts of 
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these bearings were screwed into bosses at the ends of a 
single carrier bracket, which was of fabricated construction 
and was bolted to the frame at four points. As can be 
seen from the general arrangement, however, a separate 
bracket is now employed for each bolt. The design of these 
brackets can be varied to alter the pivot position, and hence 
the roll centre height, and shims can be fitted between them 
and the frame to modify the camber angle. 

Projecting transversely from the apex of the V are two 
small, parallel plates carrying the outboard pivot bolt. 
Gussets reinforce the joints between the plates and the tube. 
The Glacier DU pivot bearing is housed in a tubular eye 
at the upper end of a king-post, the lower end of which is 
welded to the hub bearing carrier mentioned earlier. This 
king-post, which is machined from solid En.36 material, has 
the form of an elongated and truncated cone, and its diameter 
decreases from 2 in at the bottom to { in at the top. 

Details of the opposed, taper roller hub bearings were 
given in Part I of this article. The bearing housing is also 
of En.36 steel, and in its bore are machined two integral 
collars forming abutments for the outer races. Each bearing 
is sealed by a Nilos ring of the type described in the March 
1956 issue of Automobile Engineer. In addition, there is a 
pressed steel dust cap at each side of the housing: that at 
the outboard side is secured between the hub flange and 
the inner race of one bearing, and the other is pressed on 
to the driven member of the universal joint. Both caps 
therefore have running clearance over the periphery of the 
housing. 

In the reproduced drawing of the rear suspension, an 
anti-roll bar of 4in diameter is shown, but others have been 
tried, to vary the handling characteristics. As already men- 
tioned, the ends of the bar are connected by links to the 
bridge structure of the lower wishbones. The transverse 
portion is carried in split type Duralumin bearings mounted 
on brackets welded to the bottom rails of the frame; this 
design of bearing was found preferable to the rubber bush 
illustrated. It is worthy of mention that the 4 in diameter bar 
increases the basic roll stiffness at the rear by 33 lb-ft/deg. 

The telescopic dampers, which are of Armstrong manu- 
facture, have a bore of 14 in and incorporate the bump and 
rebound stops. For the initial trials, use was made of units 
embodying a manual adjuster for the setting of the rebound 
valves. Once the desired characteristics had been deter- 


mined, however, the adjustable units were replaced by the 
lighter and non-adjustable GT7 type. 
As measured at the wheel, the suspension movement 
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between the stops is 6in, equally divided between bump 
and rebound. With considerable assistance from The 
Tempered Spring Co. Ltd, experiments have been carried 
out with springs of various dimensions and rates: those 
employed at the time of writing have a wire diameter of 
0-420 in, an outside diameter of 3-19in, and nine effective 


coils. The rate at the static load position, again measured 
at the wheel, is 111 Ib/in when the anti-roll bar 1s 
disconnected. 


Other main dimensions of the rear suspension system are 
as follows: effective lengths of lower and upper wishbones, 
12}? in and 9 in respectively; pivot bases of lower and upper 
wishbones, 13 in and 6} in respectively; basic camber angle 
at static load position, nil; maximum variation in camber 
angle, — 2 deg on bump and +3 deg on rebound; maximum 
variation in track, + 0-6in on bump and — 1-6 in on rebound; 
periodicity, 120 c/min; roll centre height, 5-5 in at static 
load position; roll stiffness, with anti-roll bar connected, 
139 lb-ft/deg. 

The differences between the rear suspension and that at 
the front are dictated primarily by the necessity of incor- 
porating steering arrangements. In the front suspension, 
therefore, ball joints replace the outboard pivots of both the 
upper and the lower wishbones. The two lower joints 
enclose the outboard universal joints of the half-shafts, and 
are concentric with them. Since the inboard pivot axis of 
each lower wishbone passes through the geometric centre 
of the inboard universal joint, the half-shaft and lower 
wishbone articulate as one, so there is no inherent tendency 
for the length of the half-shaft to vary with suspension 
movement. 

Whereas both the upper and the lower rear wishbones are 
symmetrical about their transverse axes, as viewed in plan, 
the front wishbones are not. This asymmetry is due partly 
to the need of providing castor angle, and partly to the 
layout of the front end of the frame. The pivot bases for 
the upper and lower wishbones are respectively 7in and 
12} in, while the effective lengths of the two are 9} in and 
13-18 in. 

Because the anchorage of the lower end of the suspension 
unit to the lower wishbone is different from that at the rear, 
the arms of the wishbone are single, straight tubes. The 
upper wishbone, too, is of different design from its counter- 
part at the rear: each arm is a separate, straight tube, the 
outboard ends being brazed into lugs that extend from the 
ball joint housing. Both the material specification and 
the tube dimensions of the wishbones are the same as at 


The pivot axes of the lower wishbones are 
situated outboard of the centres of the 
universal joints although, at the static 
load position, they lie in the same horizontal 
plane. Modifications made to the layout 
since it was photographed include the 
adoption of a separate bracket for each 
of the two inboard pivot bolts of the 
upper wishbones, and of non-adjustable 
dampers. Octagonal wheel-retaining nuts 
have replaced the eared type illustrated 
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the rear—except that the front lower wishbones are of 


10 s.w.g. CDS10 tubing—and the inboard pivot bearings, 
too, are similar, as are the inboard pivot brackets for the 


upper wishbones. 

The upper ball joint is of orthodox design, with a single- 
diameter ball and a two-piece housing. It is adjustable for 
wear by means of shims, which are inserted between the 
main, lower portion of the En.36 housing and the screwed-in 
upper portion. A very neat and robust mounting has been 
adopted for the ball pin. This component has a serrated 
collar under the head, and a relatively long shank; the lower 
portion of the shank is of smaller diameter than the upper 
portion and is threaded. The pin is screwed into a boss 
at the top of the king-post, which is of similar design to 
that of the rear suspension, and the upper portion of its 
shank forms a spigot in the hole in the boss. After the 
pin is tightened, by means of a special spanner that fits 
the serrations, it is locked by drilling a hole through the boss 
and the shank, and driving in a pin 

Each lower ball joint has three components, the 
two-piece outer member and the member The 
outboard hemisphere of the outer member is of En.36, and 
it has a cylindrical extension that houses the hub bearings, 
in the manner already described in connection with the 
rear suspension. To its upper side is welded the king-post, 
and underneath is a facing to which is bolted the steering 
On the joint face is a shallow counterbore, in which 
is located a spigot machined on the other portion of the 
outer member. A part-spherical, phosphor-bronze bearing 
ring is riveted to the inside of the outboard hemisphere 

Subsequent to the preparation of the drawing that formed 
the basis of our illustration of the general arrangement of 
the front suspension, changes have been made to the design 
of the inboard hemisphere. Originally, this component was 
in one piece, also of En.36 steel, and to its internal surface 
a second phosphor-bronze bearing ring. To 
though, a split component is now 
Duralumin and bears directly on the 
The split is in the horizontal 


main 
inner 


arm 


was riveted 
facilitate assembly, 
employed: it is of 
inner member of the joint. 
plane through the transverse axis, and the two halves are 
retained and located by a steel keeper ring, which has a 
conical inner face that seats on a mating external face on 
the half-bearings. Eight } in socket-head set-screws hold 
the components of the outer member together: they 
through holes in the flanges of the ring and the half-bearings, 
and screw into that of the outboard hemisphere 

The inner member of the joint is of En.36 material and, 
from its spherical portion, a cylindrical extension projects 
in an inboard direction. To this projection are welded the 
arms of the lower wishbone and the bracket to which the 
lower end of the suspension unit is attached. The working 
surface of the inner member is Parco-Lubrized to minimize 
the risk of scuffing. 

Use is made of the space between the two bearing surfaces 
of the outer member as a reservoir for the grease with which 
the joint is packed on assembly. To prevent any foreign 
matter from finding its way into the universal joint, the half- 
shaft carries a shroud of approximately hemispherical form, 
which is situated within the ball joint. This shroud overlaps 
the driven member of the universal joint, on the periphery 
of which is mounted an annulus carrying a Prescollan 
polyurethane rubber sealing ring of square section, bearing 
lightly on the interior of the shroud. 

The springs of the front suspension differ from those of 
the rear suspension in that the wire diameter is 0-40 in, the 
outside diameter is 3-15in and there are 94 effective coils 
With the anti-roll bar disconnected, the rate at the wheel is 
90 lb/in. At the static load position there is basically a zero 
camber angle; the maximum variation of this angle is 

34 deg on bump and +1} deg on rebound, whereas that 


pass 
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In the case of the front suspension, the pivot axes of each lower 
wishbone pass through the geometric centres of the universal joints 
The curved, fabricated king-posts shown here have been superseded by 
conical components machined from the solid; they ore welded to the 
which also forms part of the lower ball joint 


hub bearing housing 


of the track is +. 0-91in on bump and 1-4in on rebound 
The periodicity is 110 c/min 

It will be appreciated that, for the lower ball joint and 
universal joint to be concentric, the outboard pivot of the 
lower wishbone—that is, the ball joint—must be further 
inboard of the centre plane of the wheel than in the case 


of the rear suspension. Consequently, to provide the same 


basic roll stiffness at both ends, the front track has been 
made 2in wider than the rear track, thus equalizing the 
transverse distance between the wishbone ends in both 
systems. Owing to the difference in the geometry, the roll 


centre height of Sin is slightly less than at the rear. 
Although the front anti-roll bar, as shown in the general 
arrangement, has the same diameter as its counterpart at 
the rear, its installation is different. The connecting links 
it its ends project upward instead of downward from the 
lower wishbones, to which they are attached adjacent to 
the anchorages of the spring and damper units. As a result, 
the bearings carrying the transverse portion of the bar are 
mounted on the underside of the top rails of the frame; 
they are of the same type as those of the rear anti-roll bar. 


Steering layout 

A rack and pinion steering mechanism hes been adopted 
for the Ferguson Project 99 car, but the layout is rather 
more complex than is usual with this layout. The complexity 
arises from the fact that the oblique engine installation 
necessitates a considerable offset of the pinion spindle to the 
right of the car’s longitudinal axis, as viewed in plan. If 
the tie rods to the steering arms were attached directly to 
the ends of the rack, it would be necessary for the right-hand 
one to be shorter than the optimum length dictated by the 
suspension geometry, with the consequent likelihood of 
excessive kick-back on bumps. 

To obtain a geometrically accurate system, therefore, the 
tie rods are connected to an intermediate or slave rod; this 
is rigidly attached to the left-hand end of the rack, and is 
guided to maintain parallelism. This layout, which is shown 
in one of the accompanying illustrations, has the secondary 
advantage of enabling the rack assembly to be mounted 
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lower on the frame than would otherwise have been possible, 


thus bringing it clear of the magneto. A three-piece steering 
column, embodying two Hardy Spicer universal joints of 
Hookes type, is employed to bring the wheel into the desired 
position in relation to the driver. 

The rack and pinion unit was designed and manufactured 
by Harry Ferguson Research Ltd. Its light alloy casing is 
secured by two fabricated brackets to the frame transverse 
tube that lies below the front of the engine. To avoid 
excessive reversibility of the gearing, the pinion has a helix 
angle of 34 deg. Since the axes of the rack member and 
the pinion make an angle of 86 deg, to provide the necessary 
offset of the leading portion of the column, the rack teeth 
are inclined at 30 deg to the axis. 

There are six teeth on the pinion, which is of En.39A 
steel and is integral with its spindle. The spindle is carried 
in two cup-and-cone ball bearings, adjustment of which is 
effected by means of shims. Its rear end is serrated to take 
the leading portion of the column, which is secured by a 
combined pinch bolt and cotter. In the conventional 
manner, the rack is pre-loaded against the pinion by a 
spring-loaded pad; the thrust of the spring is adjustable 

The extended left-hand end of the rack is shouldered and 
threaded to form a mounting for the fabricated bracket 
carrying the slave rod. Both the construction of this bracket 
and the method of its attachment to the rack are clearly 
visible in the illustration. The sleeve portion of the bracket 
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A very neat and robust arrangement has 
been adopted for the mounting of the 
ball pin at the top of the king-post 
This illustration shows the original 
design of lower ball joint, in which e 
bearing ring was riveted within each 
half of the outer member. In current 
joints, the inboard half is Duralumin 
and bears directly on the inner member ; 
it is split horizontally, to facilitate 
assembly, and a keeper ring is used to 
ensure accurate location of the halves 


is a push fit on to the slave rod 
and is secured by two pins, 
which are driven into diametral 
holes drilled through both the 
sleeve and the rod. 

Two Glacier DU bushes, 
situated 11, in apart, form the 
guides for the slave rod, which 
is, in fact, a tube of } in diameter 
and 12 s.w.g. These bushes are 
housed in a long, transverse 
bracket attached to the frame 
and located on the rack casing. 
The tie rods of the track rod 
assembly are solid and of vs in 
diameter; they are connected to 

the slave rod by ball joints of the double-diameter type. No 
spring loading is embodied in these joints, any adjustment 
for wear being effected by shimming. 

The effective distance between these ball joints is 181% in 
and, in the straight-ahead position of the steering, each is 
just inboard of the pivot axis of the lower wishbone, which 
is about 2j in above it. Screwed on to the outboard ends 
of the tie rods are end-pieces of conventional design, con- 
nected to the steering arms by two additional ball joints. 
The nominal effective length of the tie rods is 14}in. As 
viewed in plan, the steering arms are parallel to the centre 
planes of the wheels, but an Ackermann effect results from 
the fact that the tie rods trail slightly from the arms to 
the slave rod 

A castor angle of 6 deg is provided by the rearward 
inclination of the king-posts; this angle is equivalent to 
1-35in of trail with the standard 5-00—15in tyres. The 
swivel axis is inclined laterally at 84 deg, and it meets the 
road surface 1-08in inboard of the geometric centre of the 
tyre contact patch. No toe-in is given to the wheels. 


Wheels, tyres and brakes 

Both the front and the rear wheels, which are of Dunlop 
manufacture, have 15in diameter, 5K rims with a width 
of Sin. They are fitted with Dunlop RSP tyres; in certain 
conditions, 6-00 section tyres may be fitted to one or both 
pairs of wheels instead of the 5-00 in covers mentioned in the 
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The rack and pinion steering unit is mounted immediately ahead of 
the engine, the position of which made it necessary to embody two 
universal joints—one of which is seen here—in the steering column 
A tandem type master cylinder is used in the hydraulic brake system 


Diagrammatic representation of the unusual Ferguson braking system 


A drive from gearbox; B Hobourn-Ecton pump; €C Dunlop Moxaret unit; D gearbox 
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previous paragraph. Both the rims and the pierced nave 
portions of the wheels are aluminium alloy pressings, and 
are riveted together; the wheels are quickly detachable, being 
secured by a special octagonal nut on the end of the spindle. 
The torque is transmitted from the hub to the wheel by 
pegs, instead of by the splines commonly employed on wire 
wheels of this type. There are five of these pegs on the 
wheel, and they register in holes on the hub flange; part- 
conical seating faces on the nut and the wheel ensure 
centralization. This ingenious construction is clearly shown 
in the line illustrations of the suspension systems 

The 10in diameter discs of the Dunlop hydraulic braking 
system are mounted inboard for two reasons, the first of 
which is, of course, the already mentioned one of minimizing 
the unsprung weight. In addition, this arrangement enables 
the king-posts to be tucked further into the wheels than 
would be possible with outboard brakes, thereby permitting 
a more compact and robust layout. As was explained in 
Part I of this article, the discs and the driving members of 
the inboard universal joints of the half-shafts are bolted to 
adaptors mounted on the output shafts of the final-drive 
units. 

To reduce the transmission of heat from the brakes to the 
final-drive units, a Ferobestos insulating washer is inter- 
posed between the attachment flange of each disc and the 
face to which it is bolted. Moreover, the heat path between 
the working portion of the disc, which is j in thick, and the 
flange is restricted by reducing the thickness of the inter- 
vening portion to 3; in. To maintain adequate rigidity, the 
thinner portion is dished. Machined at each end of each 
final-drive casing are facings to which the caliper assemblies 
are bolted. At the left-hand end there are actually two 
facings, disposed mutually at 180 deg; this is because the 
end assembly is common to both the front and the rear unit, 
but is mounted on each in a different position, as was 
explained in Part I. On this account, the calipers of the 
front and rear brakes are respectively ahead of and behind 
the transverse axis of the final-drive unit concerned. 

Caliper assemblies of the standard, light-weight racing 
type have been adopted. Each carries two segmental pads 
of Ferodo DS11 material, having an area of 2-8in* and a 
thickness of jin. The total swept area of the brakes is 
352 in®, equivalent to 573 in*/ton of the starting line weight 
of the vehicle plus driver. Although 68 per cent of the 
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braking effort is applied to the front discs, the proportioning 
of that effort than on an orthodox vehicle, 
owing to the compensating effect of the transmission control] 
unit. It will be appreciated, however, that a_ basically 
incorrect distribution of the effort would increase the 
done by the transmission. 

Although this unit prevents the wheels at one end from 
revolving substantially faster or slower than those at the 
other end, it cannot of itself prevent all four wheels from 
locking if excessive braking effort is applied. For this 
reason, a single Dunlop Maxaret anti-skid device is incor 


is less critical 


work 


Motorized Ventilators 


ry WO efficient motorized ventilator units for fitting to 
I vehicles are marketed by Key-Leather Co. Ltd, 
5 Urswick Road, London, E.9. Both units are of generally 
similar design but one is larger than the other: the larger 
version is intended for buses, coaches and the heavier types 
of commercial vehicles, and the other for caravans, mini- 
buses and light commercial vehicles. In each case, the fan 
is driven directly by a 30 W motor, operating from a 12 V or 
24V supply; the larger unit has a six-blade fan and the 
smaller a five-blade one. 

The motors are of the reversible type, so the ventilators 
can be used for either supplying or extracting the air 
According to the manufacturers, the capacities of the two 
models are 250 and 90ft?/min. A series of mesh screens, 
embodied in the casing of each unit, prevents the entry of 
rain or foreign matter. The larger ventilator, which is avail 
able with either an adjustable or a fixed intake shutter, has 
an overall diameter of 15} in, and its depth is 5{ in, of which 
only 4 in projects into the interior of the vehicle; for the 
smaller unit, the corresponding dimensions are 8 in, 5 in and 
lin. A leaflet is available from Key-Leather Co. Ltd 


Stop Watch 


FOR heavy-duty applications, a new 12 hour stop watch has 
been introduced by Ed. Heuer and Co. S.A, Biel-Bienne, 
Switzerland. The instrument is specifically designed for 
panel-board or dash mounting. It has an hour indicator 
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porated in the braking system. It is, of course, one of the 
advantages of the Ferguson transmission system that only 
the one device is needed, whereas on an orthodox vehicle 
one is required for each wheel. 

The Maxaret unit is mounted to the rear of the secondary 
casing of the gearbox. Its input spindle is connected by a 
muff coupling to the spindle of a gear that meshes with the 
the three on the sleeve member driving the 
It is, therefore, subjected to 


rearmost olf 
clutches of the control device 
the speed variations of the transmission system as a whole, 


and comes into action if this is caused to decelerate too 
rapidly 
Normally, Maxaret units are only used in conjunction 


with a fully pressurized hydraulic circuit, the pressure being 
On the earlier prototypes of the 
Ferguson a different layout is employed, in 
which the control valve of the Maxaret acts directly on a 
vacuum servo, embodied in a conventional, unpressurized 
hydraulic system For the racing car, however, it was 
decided to change to a hydraulic servo, which is lighter and 
more compact, but this still acts on a static hydraulic system 


generated by a pump 


passenger Car, 


of orthodox type 

The hydraulic boost is provided by a Hobourn-Eaton roller 
type pump, which is mounted and driven in tandem with 
the Maxaret unit, on the secondary casing of the gearbox, 
ind draws its oil from the lubrication sump of this assembly 
As a safety measure, the master cylinder is of the tandem 
design, one half being connected to the front brakes and the 
other to those at the rear. In the event of any failure in 
one system, the transmission control unit prevents locking 
of the wheels on which the braking is still effective, by trans- 
ferring an appropriate proportion of the retarding effort to 
the other wheels. Thus, although the pedal load for a given 
rate of deceleration is increased, effective and safe braking 
on all four wheels is still available. If the servo pump 
should fail, the braking system remains positive, though the 


pedal effort is greatly increased Concluded 


disc, the numbers on which are viewed through an aperture, 
and the usual full-circle, centre-shaft, minute register, An 
alternative dial with extra divisions in 
hundredths of a minute, is available for process and research 
instrumentation, where decimal readings are required. 
Start, stop and go-on control operations are effected by 
successive depressions of a knob on top. Return of the 
hands to zero is controlled by a push-button on the right 
and is operable only when the hands are at rest. On the 
left of the instrument is another push-button for zeroing 
the hour disc. This button is locked by a knurled nut to 
prevent its accidental The design is such that 
the start, stop and go-on control can be operated also by 
pedal or solenoid. The accuracy of the instrument is said 
to be within 4sec/hr. In the U.K. the sole distributors are 
Baume and Co. Ltd, 50 Hatton Garden, London, E.C.1, 


face, peripheral 


operation. 


Translations of German Standards 


AMONG the English translations of German Standards, 
published in April by Deutscher Normenausschuss, Berlin 
W.15, Uhlandstrasse 175, are the following that are likely 
to be of interest to automobile engineers 


DIN UDC 621-229.2 Tool holders—138, TOOLS (MACHINE TYPE 
FOR METAL WORKING: bores keyways and driving features for tools 
with parallel bore and with | in 30 taper bore, September 1955 
UDC 621.83 Gears; toothed wheels—3971, GEAR TOOTH 
SYSTEMS: specification and errors relating to bevel gears, 
basic terms and definitions, May 1956 

UDC 621.89 Lubrication; lubricants, oils and greases— 
51500, SHEET 2, LUBRICANTS: procedure for determining demand and 
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Car Handling Characteristics 


Directional Stability and Control of a Four-Wheel Vehicle in a Flat Turn 


By MARTIN GOLAND and FREDERICK JINDRA* 


The directional stability and control of a four-wheeled vehicle is studied by means of a 
simplified analysis which takes into account the variation of the cornering performance 


of the tyres with changes in their vertical loading. 


A detailed investigation is made 


of the steady, flat turn in order to appraise the effects of turn radius and forward 
speed on steering characteristics and dynamic directional stability. 

Results of exploratory calculations are presented for a vehicle series in which 
the fore-and-aft location of the centre of gravity is varied; also, a variety of tyre 


configurations and inflation pressures are used on the front and rear wheels. 


It is 


shown that both turn radius and speed substantially affect the directional stability and 


control characteristics of the vehicle. 


The calculations also bring to light a variety of 


interesting conclusions regarding the influence of c.g. location, tyre tread width, and 
tyre inflation pressure on the directional performance of vehicles. 


URING a recent experimental study of the directional 
stability and control of automobiles executing steady 
flat turns, it was found that the observations could be closely 
correlated with the predictions from a relatively simple 
theoretical analysis. The experiments were concerned with 
the degradation of directional stability experienced, with 
certain automobile layouts, as a consequence of centrifugal 
acceleration in the turn, and the analysis affords a clear 
explanation of this phenomenon. The details of the 
theoretical study are presented here, with the suggestion that 
the results will be of value for preliminary design appraisals. 
Turning performance of four-wheeled vehicles has been 
studied by several earlier authors. For example, the work 
of Paslay and Slibar', which is a comprehensive treatment 
of the problem, although not well adapted to the study of 
design trends, and that of Segel*. An extensive bibliography 
relating to directional stability and control problems for 
automobiles is contained in a paper by Milliken*®. Also, a 
comprehensive bibliography on wheel shimmy, which 
contains material closely related to the present problem, 
has been prepared by Dengler, Goland and Hermann‘. 

In the treatment presented here, the problem of direc- 
tional stability and control in a flat turn is formulated in as 
simple a fashion as possible, consistent with an accurate 
description of the essential turning mechanisms. Thus, the 
dynamical equations of motion are written in two degrees 
of freedom, namely, vehicle yaw and vehicle sideslip. Rolling 
motions of the sprung mass are included as a quasi 
co-ordinate only, in order to enable calculation of the vertical 
forces acting at the tyres. 

The conventional linear method of stability analysis has 
been adopted. First, the vehicle is visualized as travelling in an 
ideal, steady turn, and it is then disturbed slightly from this 
path. The degree of stability of such small, disturbed 
motions is then studied by means of small-disturbance, 
first order, theory. 

It is evident that the cornering performance of the tyres 
plays a major role in the analysis. In order to trace the 
variations of cornering power for various tyres and for the 
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different vertical load conditions encountered in turns, a 
series of semi-empirical equations, deduced by Smiley and 
Horne®, are employed, but with some modification. The 
changes introduced in these equations are for the purpose 
of simplifying their forms—the consequent slight reductions 
im accuracy, as measured against the correlations of experi- 
mental data contained in the work by Smiley and Horne, 
do not appear to be objectionable for the purposes of this 
analysis. 


Equations of motion 


It has already been mentioned that the dynamical degrees 
of freedom chosen for the analysis comprise vehicle yaw 
and vehicle sideslip. The steering system is eliminated from 
consideration as a degree of freedom, by assuming that the 
steering wheel is held fixed at a particular setting and that 
the steering linkage is rigid. Vehicle roll is not included as 
a dynamical co-ordinate, but will be introduced later as a 
quasi-static co-ordinate. Various other dynamic effects 
which are present in an actual vehicle are ignored in the 
interests of simplicity. 

Let (x, y) be a set of cartesian axes fixed on the vehicle, 
and with origin at the vehicle cg. The x-axis is longi- 
tudinal and the y-axis lateral; both are directed along 
principal axes of inertia of the vehicle—changes in vehicle 
configurations due to roll, etc, are neglected. From Fig. 1, 
the positive sense of the axes can be seen. Let M=W/g be 
the total mass of the vehicle, where W is its weight and g 
is the acceleration due to gravity; the wheelbase length is {; 
the distance from the front axle rearward to the c.g. is a; 
and the lateral, track dimension between wheel centres is d. 
Further, let {, be the radius of gyration that describes the 
vehicle polar moment of inertia about a vertical axis passing 
through the c.g. 

Throughout the analysis, it is assumed that the c.g. of the 
vehicle is moving with the constant velocity V, as shown in 
Fig. 1. If the sideslip angle of the vehicle is 8, with positive 
convention as shown in Fig. 1, then for small values of & 
the components of velocity along the x-axis is V cos B=V; 
in the y-axis direction the sideslip velocity is V sin B=VA. 
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The directional stability equations of 
vehicle can now be written in terms of the moving (x, y 


axes. With the instantaneous yawing velocity notated 
positive as shown in Fig. 1, the equations for a flat turn 
become 
MV(g+)=F,+F.+F,+F, l 
Miw=a(F + F.) —({— a) (F:+ F 2 
where F,, F., F, and F, are the lateral forces at the four 


wheels, positive in the same sense as the y-axis; the 
subscripts 1, ..., 4 refer to the notated in 
Fig. 1; and a dot over a symbol denotes a time-derivative 

It is now pertinent to examine the nature of the cornering 
forces F. However, before this is done it is necessary to 


calculate the vertical loadings at the four wheels 


wheels as 


Vertical wheel-loadings 

To maintain the vehicle in an ideal, steady, flat turn, the 
sprung mass must roll by a certain amount toward the 
outside of the curve; the extent of this roll will now be 
calculated. If slight disturbed motions are superimposed on 
the steady turn, the disturbances will, in general, consist of 
dynamically coupled vehicle yaw and sideslip, plus rolling 
and pitching motions of the sprung mass. 

In the present analysis, the disturbed rolling and pitching 
motions of the sprung mass are not taken into account when 
calculating directional stability. This is permissible on the 
grounds that these motions exert only a minor influence on 
the directional stability characteristics of the vehicle, an 
assumption which appears justifiable. 

Now suppose that the front and rear wheels are sprung 
elastically, and that k, is the spring constant at each front 
wheel, with k, the spring constant at each of the rear wheels 
For an ideal steady turn with centrifugal acceleration V*/R, 
a straightforward analysis of the equilibrium requirements 
leads to the conclusion that the outward body roll can be 
estimated from 

Be 
“d(k;+k,)dgR 
where h is the vertical distance of the 
the ground. 

The vertical force at each wheel is made up of the statical 

component, which acts when the vehicle is at rest, plus the 


vehicle c.g. above 


component arising as a consequence of the body roll. Then, 
with a=a/f{ 
a « a Bere 
; 2" a)” “R +k, d eR | . 
ae , kh hV*) 
f 2 ‘a “ky +k d geR| 
, WI ~~ eet 
P= 3\** Eth dg ' 
W | k, hV*) 
> iS , es oe | 
P= 23)" ~* +k deR| 
The unloading effects of the turn on the inside wheels is at 


once evident. 


Cornering performance of the tyres 

It is of interest to examine now the nature of the cornering 
forces F in the equations of motion, 1 and 2. Those who 
are familiar with the mechanics of pneumatic tyres will 
observe that equation 2 is not exact, since it does not take 
into account the aligning torque, or pneumatic caster, which 
acts at each wheel. However, for the purposes of this study, 
these torques are not significant. 

The stability and control calculations here are concerned 
only with the circumstance when all four wheels have 
essentially rolling contact with the roadway. The onset of 
gross skidding at any one of the wheels represents a limiting 
condition beyond which the present analysis loses validity 
However, more will be said about this in a 


later section 
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motion for the 


It was remarked in the earlier discussion that the work 
Horne’ forms the basis for the cornering 
force evaluations used in this study. The partly empirical 
equations they develop for the various tyre charactertstics 
are not used directly Rather, are their equations first 
simplified in a fashion that affects accuracy only slightly 
For the sake of brevity, when the Smiley and Horne work 


of Smiley and 


is mentioned further, it will be assumed that a copy is 
available to the reader 
Consider first a rolling tyre without camber deflection, 


that is, the plane of the hub remains normal to the ground 
Let © be the drift angle of the rolling tyre, that is, the angle 
between the plane of the hub and the direction of travel 
Now define the parameter 

Ny 

P 
where P is the vertical carried by the 
effective coefficient of friction between the tyre and ground, 
and N is the cornering power coefficient, to be defined later 
Horne—in their equation 79—then relate the 
due to drift to the parameter ¢, by the 


8 


load tyre, » is the 


Smiley and 
cornering force F 


following equations 





F t . 
P 7 5 O51 9 
] ;¢215 
It is evident that complete skidding occurs when ©@ is greater 
than 1-5 
For the present analysis, the cubic term in equation 9 is 
disregarded. Then, with reasonable accuracy 
a 
I Nv ; l 10 
a 1 | 
—-= 1 ~ 
z — 1 ~~ 
: { 
( 3 
‘ — : ee 
4 | Xu 
—t + a 
) <7 
. , V 
p+ 
ion 4 _ —~ 
’ < 
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Fig. 1. Diagram showing the axial convention and symbols used for the 


calculations concerning the performance of a vehicle in a flat turn 


In these simplified expressions, tyre skidding takes place 
when is greater than unity 

Smiley and Horne find that the value of the cornering 
power coefficient N is dependent on various tyre properties 
among which are the undeflected tyre diameter D, the maxi- 
mum width w of the undeflected tyre, the rated inflation 
pressure p,, the actual inflation pressure p, and the amount 
deflection of the tyre hub A corresponding 
load P. The vertical deflection A is also 
dependent on these same tyre characteristics 

An inspection of the data collected by Smiley and Horne 
shows that tyre bottoming generally occurs for values of 
\/w around 0-6. Until bottoming is approached, the 
relationship between P and A is roughly linear, save at small 
values of the ratio A:w—see Fig. 13 and equation 23 in 
Smiley and Horne. For the present purpose, a linear 
relationship between P and A is presumed, and the bracket 


of the vertical 


to the vertical 


p+0-08 p,) which appears in Smiley and Horne’s equation 
23 is replaced by 1-08p. Then, by fitting a curve to the 
data shown in their Figs. 13b and c, the following 
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approximate expression can be fairly readily obtained 


p05) (a7) i" 


The cornering power coefficient can now be written as a 
function of A/D. Smiley and Horne’s equation 82 is used 
as the basis for this relationship, but simplified by setting 
p=p,. Then 

N f 4 a)\2) _ 4 
s=C.11-Ti= 3 = <0.0 
pw‘ 17(5) 127(5) | D a8 | 


C.) 0.095 0-49 (=) Pe 

pri” 2 
where C, is a coefficient, with a value of about 60 for modern 
types of tyres, and where the units for N are pounds per 
radian. A plot of equation 12, for C.=60, is shown in Fig. 2 
on this page. 

The description of tyre mechanics thus far is based on 
the assumption that the plane of the hub remains perpen- 
dicular to the ground at all times, that is, the wheel has no 
camber deflection. If the wheel is in rolling contact with 
the ground and also has a camber angle of amount y, then 
an additional side-force is induced. Smiley and Horne 
point out that only meagre data are available to describe the 
magnitude of this lateral force, and they suggest the very 
approximate relation 

F,=—P,) 13 
where the camber angle 7 is taken as being positive in the 
same sense as the roll angle «, that is, the wheel tilts toward 
the outside of the curve. The constant P, has a value 
approximately equal to the vertical load P carried by the 
wheel. 

Sufficient information is now available to enable the 
calculation of the lateral forces F at the wheels of the 
vehicle. For each wheel, the vertical load is first evaluated 
by means of equations 4-7. the ratio A:D is next com- 
puted from equation 11, and the value of N is determined 
from equation 12. From equations 10 and 13, the total 
lateral force F for rolling contact is then given by 

F=Ny-P, 14 
The calculation of the drift angle ¥ is discussed later. 

Equation 14 becomes invalid when the tyre skids. In 
the absence of camber, this occurs approximately when 
¢=1. With camber, the condition for the onset of skidding 
is modified in some fashion for which reliable data is not 
currently available. 

It is to be noted that the relaxation length for the tyre 
is ignored in this discussion: while the effects of this 
phenomenon are important during rapid drift angie varia- 
tions, such as occur during wheel shimmy, the stability 
motions of interest here involve relatively low frequencies of 
oscillation, and relaxation length effects are, of course, 
unimportant. 


0-088 | 


Tyre drift angles 

Equation 10 indicates that, within the realm of rolling 
contact, the cornering force developed by each tyre is 
directly proportional to its drift angle ¥. The instantaneous 
drift angles at the four tyres are readily evaluated by 
kinematic considerations. 

Consider, for example, the right front tyre, notated by 
subscript 2. A schematic sketch of the kinematics of this 
wheel is shown in Fig. 3. The forward velocity in the 
x-direction at the centre of the hub is equal to V cos 8 

(d/2), as can be seen from Fig. 1. It has already been 
assumed for the purposes of this analysis that £ is a small 
angle, and it will also be assumed that the ratio wd/V is 
small. On this basis, the forward velocity in the x-direction 
at each wheel is, to a sufficiently close approximation, 
simply V. 

The sideslip velocity at the right front tyre is seen from 
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at the wheel 1s 


Fig. 1 to be 6V+aw. The sideslip angle £, 
pa 1s 
V 
Now, let 4, be the steering angle of the tyre. This steering 
angle may result from a steering wheel movement, a roll 
steer suspension linkage, or a combination of the two. ‘The 
Positive sense for the angle 4 is shown in Fig. 3. From 
Fig. 3 it can be seen that the drift angle for the tyre, that 1s, 
the angle between the hub plane and the direction of travel, 
is then equal to 
¥ 0, Dy 


2 . 
Dy, p 


or 
aw 
V 

It is to be noted that the cornering force equations given 
earlier, strictly speaking, refer to the lateral force normal to 
the wheel hub. Hence, the force F, acts in the direction 
shown in Fig. 3. However, if the steering angle 6, is small, 
so that cos 6,=1, then the cornering force in the y-direction 
can be taken equal to F,. 

The drift angles at the remaining three wheels can now 


¥2=6,—f6 


Fig. 2. Plot of cornering 
power parameter 
against the vertical de- 
flection ratio, C-—60 


be deduced in similar fashion. They are readily shown to 
be as follows 
qu 
V 
({—a)w 
Pid: Secaiptes 
V 
,, (ae a 


¥.=o,—| 


where 4,, 5; and 4, are the steering angles at the respective 
wheels. It should be noted that if wheel steering results 
from a roll-steer linkage, then the values of 6 will be a 
function of the roll angle 2, as determined by calculation 
from equation 3, 


The ideal, steady flat turn 

Before considering the directional stability of the vehicle 
it is useful to calculate the steering wheel settings required 
to hold an ideal steady flat turn. In this calculation the 
question of vehicle stability is ignored and the vehicle 
assumed to be capable of navigating continuously an idea 
circular path. 

For a path of radius R and a vehicle speed of V 
vehicle yaw velocity is 

V 

R 


Also, for the ideal form of turn, it is clear that w 


Oo. 
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For the calculation, the equations of motion, 1 and 
must be combined with equations 14 and 17-21. If this 
done, then after considerable algebraic manipulation, it 
found that 


where 

Kis = N35, 

\s4 N35 
and where 

Nr=N,+N,; Nr=N +N, 
The terms P,,y, etc., refer to the lateral tyre forces due to 
roll-camber effects at the various The parameter 
K in equation 22 has particular significance and is defined as 


‘ M (1 a a ,) 
K i] N; | - 


with a =a/{. 

To observe the role played by the parameter K, it is of 
interest to reduce equation 22 to the case of a vehicle without 
roll-steer and roll-camber suspension characteristics hen 


wheels 


iz 


Fig. 3. Diagram illus 
trating the 


method of 
calculation of the drift 


angle of a right-hand 


front wheel of a car 





6,=6,—4; 6,—0; and the various are zero hen 
equation 22 becomes 

{ l 

R317 KV? 
This is a well-known result, and shows that the 
will understeer whenever (1 + KV -1; it will oversteer if 
1+KV*) <1. The control reversal point is determined by 
the condition (1 + KV*)=0. 

It is of particular importance to note that, even for a given 
vehicle, the parameter K cannot be thought of as remaining 
constant. It will vary with the ratio V*/gR, which in turn 
fixes the vertical loads at the four wheels and hence the 
values of the cornering coefficients. Sample calculations will 
be presented later to show that the variations in K are truly 
significant within the operating ranges of many vehicles. 

For reasons of brevity, the analytical expression for the 
sideslip angle £ is not given here. However, it can be 


derived in the same manner as was that in equation 22 


vehicle 


Directional stability in the turn 

The preceding analysis of the steady turn does not take 
into account the stability of transient motions of the vehicle 
such as those due to road imperfections, wind gusts, and 
so forth. An unstable vehicle, or one which is marginally 
stable, will require considerable skill on the part of the 
driver to maintain control. 

For the study of directional stability, it is first imagined 
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that the vehicle moves in an ideal, steady turn. The vehicle 
is then given a small disturbance and the resultant transient 
motions are studied. If the transient motions are damped 
and die away, the vehicle is stable; if they diverge and grow 
larger with time, the vehicle is unstable 

The method of analysing for the small-disturbance, linear 
stability of systems such as equations | and 2 is well-known 
and involves arriving at the complementary solution to the 
Equations 14 and 17-20 are first 
should be noted that, 
assumpuons of the study, variations in 
the roll angle and hence the camber angles », during the 
small-disturbance motions are neglected. The equations of 
the transient motions are 


equations of motion 
equations | and 2. It 


present 


inserted in 
within the 


motion that express the nature of 


then 


ind where 
A Ne+] x0 
M\ 
A a N; j | 32 
A, a)*N l—a)*Ner 33 
the unknowns and {2 are now 
form eA‘, where ¢ is the time 
is then found, 


3] 


Transient solutions for 


sought in the functional 


variable. The characteristic equation for A 


from equations 28-33, to be 


\ V 1+KV 0 34 


where K is given by equation 26, and where 


(; r a)°N; l-a Nul 


l , , 
M) Ner+Nr 


* NeN; 
M 


[The two values of 


36 


\ corresponding to equation 34 are then 


given by 
2VA t | 4 


values 


1+ KV*)} 37 
which determine the directional 
the circumstances considered 


and it is these 


stability of the vehicle in 


Fig. 4. Curves showing 
the variation of the 
porameter K 


V2/gR 


control 
plotted against 
where a’—0-4 


sO R 5-7 V 76 0 R75-20- 

Neate ctts 
2 04 06 08 1-0 
Square of relative speed, V?/gR 








Several significant conclusions can at once be drawn from 
equation 37. To begin with, it is to be noted from equations 
35 and 36 that both » and © always have positive values. 
Hence, according to the value of (1+ KV7*), the following 
conclusions are applicable: 

(a) For (1+ KV?) > 1?/42 the square-root bracket in 
equation 37 has an imaginary value. Hence, the system has 
oscillatory stable directional stability. 

(b) For 0< (1+ KV?) < 17/4 the square-root bracket is 
positive, but with a value less than ». Hence, both values 
of A are real and negative, and the system has dead-beat 
stability. 

(c) For (1+ KV*) <0, the square-root bracket is positive 
and has a value greater than 7. Hence, one value of A is 
real and positive, and the vehicle is directionally unstable. 

The condition (1+KV?)=0 represents the condition for 
neutral directional stability, and hence separates the regions 
of stable and unstable operation. It will be recalled 
from the earlier discussion that this same condition defines 
the control reversal point for the vehicle. 

Because of the significance of the condition (1+KV*)=0 
as an index of both control and directional stability charac- 
teristics, it is useful to define the critical velocity for the 
vehicle as 


Ve; | x) _..38 


It is evident that V., has real values for only negative values 
of K. Equally clear is the fact that the value of V., should 
be kept well above the operating range of the ordinary 
vehicle. 


Sample calculations 
To illustrate the nature of the results that follow from the 
analysis, numerical calculations have been carried out for 
a hypothetical series of vehicles. For the entire series, 
certain numerical parameters are held constant. These are 
as follow: 
W = 2,500 lb; {=9 ft; 


h { 

a 0-5; l, 3 

To reduce further the number of variables in the calcula- 

tions, it is assumed that the vehicles have no roll-steer or 
roll-camber suspension characteristics. 

One of the important parameters, 


which influences 
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Fig. 5, far left: Variation of control para- 
meter K plotted against V*/gR, a’=—0-5 


Fig. 6, left: Variation of the control para- 
meter K plotted against V*/gR, a’=0-6 


i com 
6 08 


ative speed, V2/gR 


vehicle steering and directional stability, is the longitudinal 
placement of the vehicle c.g. Hence, three values for the 
parameter @ are used in the calculations, namely, a —0-4, 
0-5 and 0-6. The simplest conception of a suspension system 
is that in which each wheel is sprung by means of a vertical, 
linear spring; of the design requirement is stipulated that 
the chassis must remain level for all values of the gross 
weight W, then certain relations must hold between the 
spring stiffnesses at the front and rear wheels. Employing 
this simple conception for vehicle design, it can then be 
readily shown that for 

ky 
k, 
ky 
k, 
ky 
k, 
and these values 

Another factor of considerable design interest is the 
influence of tyre characteristics on directional stability and 
control. The calculations were, therefore, arranged to show 
the effects of various tread widths and tyre pressures at the 
front and rear wheels. In particular, the wheel diameter D 
was kept at 24in for all wheels, but the tyre width was 
taken as either 5in or 7-5in, and the tyre pressure was set 
at either 201b/in* or 301b/in*. A variety of different front 
and rear wheel configurations were used on each vehicle, 
and these are described by means of the following code in 
the results presented later. For the front wheel description, 
the letter F is followed by a number designating the tyre 
width and by a second number specifying the inflation 
pressure. For the rear wheels, the letter R is used in similar 
fashion. Thus, the designation F:5-30 refers to front 
wheels of 24in diameter, with a 5 in tyre width, inflated to 
a tyre pressure of 30 lb/in*. 

The calculations are primarily aimed at showing how the 
vehicle stability and control characteristics change when 
steady flat turns are traversed at various speeds and curva- 
For the present study, the turn radius was kept 
constant at the value R 150 ft, which represents a 
reasonably tight turn. The forward speed of the vehicle 
was a variable parameter. 

The manner in which the calculations are carried out is 
evident from the analysis presented earlier. For each 


a =0-4, 


a =0.5, 


a =0-6, 


are employed in the present calculations. 


tures. 
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driving condition, the vertical wheel-loadings are first com- 
puted from equations 4-7. The tyre deflections are then 
calculated from equation 11, and the value of N for each 
tyre is determined from equation 12. Provided that skidding 
does not occur, the value of the control parameter K can 
be calculated from equation 26. The steering angle 
required to hold the vehicle in the turn then follows from 
equation 27. Finally, the dynamic stability of the vehicle 
can be appraised by calculating the stability roots A from 
equation 37. 

Shown in Fig. 4 are the values of K for the vehicle with 
a =0-4 and equipped with various configurations of tyres, 
and plotted as a function of the parameter V*/gR. This 
particular abscissa is chosen because the value of K does 
not depend on the individual choices of V and R, but rather 
on the ratio of the centrifugal acceleration V“/R to the 
gravity acceleration g. 

A zero value of K corresponds to perfect 
steering performance by the vehicle. It is of interest to note 
that this condition is achieved in Fig. 4 for all values of 
V*/gR, provided the front and rear tyres are identical, but 
a 30 lb/in® inflation pressure is used at the front and a 
a 20 lb/in? inflation is used at the rear wheels. 

It follows at once from equation 27 that a positive value 
for K is indicative of an understeer control characteristic, 
whereas a negative K value results in an oversteer control 
characteristic. For the forward c.g. location, a —0-4, Fig. 4, 
it is seen that an understeer performance is obtained for all 
the tyre configurations chosen, except in the instances where 
perfect geometric steering is attained. It is of particular 
interest, however, that there is a strong dependence of K 
on the V*/gR parameter. 

Shown in Fig. 5 is the variation of K for a =0-5, that 
is, when the longitudinal position of the c.g. is midway 
between the front and rear axles. Obviously, when all four 
wheels are identical in tread and in inflation pressure, 
perfect geometric steering results; however, when the front 
tyre pressure is higher than the rear, an oversteer charac- 
teristic is, of course, encountered, and this becomes more 
pronounced as V*/gR increases. For a rear inflation 
pressure higher than that at the front, an understeer 
control increasing with V*/gR is encountered. The effect 
of tread width is also evident from the various cases plotted 
in Fig. 5. Once again, the strong variation in the values 
of K with V*/gR is emphasized, as shown by the curves 


geome\lric 
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In Fig. 6, the rearward position of the c.g, a =—06, is 
illustrated. It can be seen that special precautions must be 
taken if an understeer control characteristic is to be main- 
tained. For all four tyres identical in tread and inflation 
pressure, oversteering will result. Perfect geometric steer- 
ing can be achieved with identical tyre treads by inflating 
the rear tyres to a higher pressure than the front 
Interestingly, understeer control can be accomplished by 
using rear tyres with a wider tread width than at the front 

The steering characteristics displayed in Figs. 4-6 are 
further clarified in Figs. 7-9. In these plots, a turn radius 
of 150ft is assumed, and the abscissa represents forward 
speed. The ordinate employed is 4/4,, that is, the ratio of 
the steering angle required to hold the vehicle in the turn 
to the perfect geometric steering angle, that for V=0. From 
Fig. 7 it can be seen that, for a =0-4 increasing steering 
angles are, in general, required at the higher speeds. For 


a =—0-5, Fig. 8, control reversal can occur within the driving 
speed range, when the rear tyres are under-inflated relative 


Fig. 7, right: Relative 
steering angle necessary 
to hold the vehicle in 
a steady flat turn— 
plotted against forward 
speed—where R- 150 ft 
and the value a’=0-4 


Fig. 8, below left: A 
plot, as in Fig. 7, but 
with the value of a’=0-5 


centre: A plot, 
7, but with 
of a’=06 


Fig. 9 
as in Fig 
the value 


Fig. 10, below right 
The real part of the 
stability root  para- 
meter plotted against 
the forward speed of a 
vehicle in a steady flat 
turn, where R= 150 ft 
and the value a’=0-4 
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Fig. 12, right: 
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to those at the front. That there is a strong tendency 
toward control reversal with increasing speed for vehicles 
with a rearward location of the c.g, a =0-6, is shown in 
Fig. 9. 

Finally, consider Figs. 10-12, which show plots of the real 
part of the stability root parameter VA as a function of the 
forward speed for the 150ft turn. The solid lines in these 
plots indicate regions where the roots A are real, and the 
values shown are for the least stable of the two non- 
oscillatory, dead-beat modes. Indicated by the dotted lines 
are regions where the roots A are complex, denoting 
oscillatory stability. Only the real part of the parameter 
VA is plotted, but complete calculations show a steady 
decrease in the stability of the oscillatory mode as the 
speed is increased. 

For a =0-4, Fig. 10 shows the vehicle to be dynamically 
stable over the entire speed range studied. With a =0.5, 
Fig. 11, dynamic instability within the driving speed range 
can occur when the front tyres are over-inflated compared to 
those at the rear. For a =0-6, Fig. 12, dynamic instability 
is introduced at surprisingly low values of forward speed 
when the rear tyres are under-inflated. Over-inflating the 
rear tyres relative to those at the front is seen to be a strong 
stabilizing factor for the vehicle with rearward location of 
the c.g. The very strong influence of both speed and turn 


Apprentice Training 


UNTIL now, many small companies, because they have 
lacked facilities, have been unable to accept apprentices. It 
is obvious, however, that by grouping together, and 
exchanging apprentices for appropriate periods, firms of 
this type would be able to provide a training comparable to 
that of large companies. In fact, a number of advantages 
can be claimed for such a scheme. When an apprentice in 
one of the larger firms finishes his time, he naturally feels 
inclined to move on and test his skill against new challenges 
in other companies. With a group scheme, however, the 
youngster works out his wanderlust while he is serving his 
time. Moreover, in moving from firm to firm, the boy gains 
a social as well as a technical education. He also has the 
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These curves show the real 
stability 
plotted against the forward speed of a 


150 ft and the value a’=0-5 
As above, illustration of 


real part of the stability root parameter 
plotted against the forward speed of a 


150 ft but 


—— non-oscillatory mode, 


— — — oscillatory mode 
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radius on the stability performance of the vehicle is clearly 


demonstrated in Figs. 10-12. One of the principal purposes 
of the present paper is to emphasize and clarify the nature 
of this dependence. 

The authors wish to thank Mr. John M. Clark, director, 
Automotive Products and Equipment Research, Southwest 
Research Institute, for his invaluable aid in the preparation 
of this paper. His design background and practical grasp of 
automotive performance features contributed greatly in the 
development of the ideas presented here. 
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opportunity of experiencing the different conditions in the 
firms in which he works. 

An apprenticeship scheme of this type, especially designed 
to assist small companies, is run by a firm of management 
consultants, Industrial Administration (R and A) Ltd, 
18 Thurloe Place, London, S.W.7. The scheme is called 
the Engineering Industries Association Group Apprentice- 
ship, which is abbreviated to EIGA. There are now 22 
groups, in the London, Birmingham, Manchester and 
Gloucester areas. In each group there are between 20 and 
30 firms and up to 60 boys. In total, the scheme now 
provides 1,000 places, and about 380 firms are involved. 
Detailed syllabuses have been prepared for 42 different 
trades, to ensure that each boy is given a sound training, 
attends the most suitable courses and examinations. 
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The illustrations to the right and at the foot of this page are sketches 
showing various installation arrangements of the Armstrong suspensior 
unit. Those on the right are two views of a rear axle layout; the trailing 
links are flexibly attached to the axle to give torsional resilier 
asymmetric movements ; the panhard rod is not shown. Of the sketche 
below, which of course are not intended to be accurately representative 
of a suspension geometry, the most compact is that on the left. For 

rear axle, a relatively light leaf spring could be used for location and t 
take the static unladen weight, while the Armstrong suspension unit 
would compensate for the variations of the remainder of the load 
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Compact and Completely Self-Contained Damper and Air Spring Assembly for Cars 


igh its considerable advantages, air suspension 
has not yet made much progress, especially for cars 
and light commercial vehicles. The main reasons for this 
are, of course, the complexity of most of the air suspension 
systems that have been offered so far and also the servicing 
problems that arise, particularly with regard to the levelling 
valves and the freezing of condensation in them during cold 
weather. Clearly, however, in view of the advantages of 
air suspension, there has been a strong incentive for the 
development of a system in which these shortcomings are 
obviated. 

The principal advantages inherent in all of the 
are as follows. By virtue of the employment of air 
springing medium, the body of the vehicle is effectively 
isolated from irregularities of the road surface. Nor is it 
subjected to secondary disturbances from 
uncontrolled friction characteristics, as in the case of a leal 


systems 
as the 


arising either 


spring, or high frequency vibrations, which are likely to be 
experienced in torsion bar and coil springs. In some 


instances, too, benefits can be obtained by virtue of the 
inherent variable rate characteristics of air 
potential advantage cannot always be fully realized, however, 
in practice. Perhaps most important of all is the fact 
that the height of the sprung mass relative to the axles can 
be readily adjusted automatically, to compensate for 
variations in the load carried by the vehicles 

It would appear that the Armstrong hydro-pneumatic 
suspension unit has all of the advantages of air suspension, 
with none of the disadvantages mentioned above, nor is 
there any tendency for the vehicle to settle down on to the 


springs; this 
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bump when it is standing, for example, overnight 
Despite the fact that the unit currently available is in proto- 
type form, for development work, and is therefore generously 
proportioned, it is strikingly compact and self-contained 
Nitrogen gas is used as the springing medium, and it is in 
a sealed compartment. It follows that external components, 
such as compressors, pipelines and accumulators, have been 


stops 


obviated 

Levelling is effected hydraulically. Again, since the neces- 
sary pressure in the hydraulic fluid is built up by means of 
a pump incorporated within the unit and actuated by the 
suspension motion, there are no external components. All 
the levelling operations are effected automatically. From 
the accompanying illustrations it can be seen that one of the 
biggest advantages offered is the facility with which the unit 
can be assembled into an otherwise conventional suspen- 
sion system, provided the vehicle structure has been 
designed for, or can be strengthened locally for, the mounting 


of the unit. The actual attitude in which it is mounted is 
On | | 
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immaterial, because the hydraulic section of the unit is 
completely filled with oil and all air excluded. 

Among the incidental advantages are the fact that the 
whole mechanism is enclosed in a strong casing, so it is 
completely protected from dirt and damage by, for example, 
stones flung up from the road. All the moving parts of the 
mechanism are completely immersed in oil and are, there- 
fore, well lubricated. This, and the fact that the damper 
piston is unusually big, and therefore relatively lightly 
stressed in terms of load/in® of bearing area, should ensure 
long life. 

In certain circumstances, it might be desirable to use the 
Armstrong suspension unit in conjunction with, for instance, 
a leaf spring: normally, the steel spring would be designed 
to take the static weight of the unladen vehicle, while the 
Armstrong unit would afford the additional support needed 
both to carry the extra loads and to effect the automatic 
levelling. 

Development of the unit has been going on for four or 
five years. At the outset, the possibility of adapting tele- 
scopic type dampers for the purpose was considered care- 
fully, but a spring-damper assembly in this form has a 
number of disadvantages: for example, the seal has to 
operate under conditions of sliding instead of rotary motion. 
This entails problems not only with regard to keeping oil 
in but also keeping foreign matter out. A telescopic unit 
tends to be large and therefore difficult to accommodate; 
moreover, it adds appreciably to the unsprung weight. 
Additionally, the arrangement of the levelling valves is more 
difficult. 

Eventually, therefore, the lever type of unit was chosen. 
It represented a relatively easy step from the hydraulic 
suspension-levelling device, described in the April 1961 
issue of Automobile Engineer. With the leverage practicable 
with this type of unit, it is not difficult to obtain high 
pressures, and compactness is therefore easy to achieve. 
Everything can be self-contained in a single casing, and all 
moving parts can be completely immersed in hydraulic fluid. 
Because of the favourable sealing conditions, and therefore 
the unlikelihood of the entry of grit, the finish of the 


By setting the damper cylinder at an angle relative to the longitudinal axis 


cylinder bore can be retained almost indefinitely. Finally, 
the lever arm can serve the dual function of operating the 
unit and helping to locate the suspension assembly. 


General description 

Essentially, the basic mechanism for the operation of the 
unit is a crank, or rocker, one arm of which is connected 
to the suspension and the other arm to the damper piston. 
As can be seen from the accompanying illustration, the 
cross-section is not unlike that of a single cylinder internal 
combustion engine. The crank housing and the cylinder 
of the damper assembly, together with two flexible 
diaphragms, one at each end, form an enclosure that is com- 
pletely filled with hydraulic oil. One of the diaphragms 
seals the open end of the crank housing, while the other, 
which is deeply cupped, fits over the whole of the damper 
cylinder assembly. On the outer side of each diaphragm is 
nitrogen gas, under pressure, in a chamber formed by an 
appropriately domed, metal end-cap. 

The end cap over the crank housing can be likened to the 
sump, and the nitrogen gas that it contains serves the 
purpose of giving the spring a rapidly falling rate as the full 
rebound position is approached. The domed cap over the 
damper piston and cylinder assembly at the other end is, 
of course, much larger and forms the main chamber for the 
springing medium. 

Damper valves are incorporated in the cylinder head, 
which is screwed into the end of the cylinder. The pump 
and release valves for automatic levelling are housed in a 
position corresponding to that of the tappets in an internal 
combustion engine: that is, in the crank housing casting, 
adjacent to the end of the skirt of the cylinder. They are 
actuated by cams on the crank arm that is connected to the 
At this point, the resemblance to the internal 


piston. 
combustion engine ceases, because there are, of course, no 
push rods or other connection between them and the 


cylinder head. 

Before describing the design in greater detail, it must be 
added that, since this is a protoype unit designed solely to 
prove and develop the basic essentials of this new system, 


of the main casing assembly, optimum torque capacity has been obtained 
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the mechanical components have been made intentionally of 
unnecessarily robust form. The main reason has been that, 
at the outset, the unknown factors were those concerning 
the hydraulics and, to a lesser extent, the pneumatic springs 
It was, therefore, felt to be desirable for the mechanical 
elements to be designed to give the utmost rigidity, reliability, 
and freedom from wear regardless of the length and severity 
of the development tests to be undertaken. Otherwise, the 
work might have been interrupted, perhaps at inconvenient 
junctures, by the need for replacing components. 


Details of design—crank assembly 

Crank arms of En.8 are splined on to an En.36 rocker 
shaft. This shaft is rated for a nominal load-carrying 
capacity of 9,000 lb-in torque, and its bearing portions are 
case hardened. On each side of the splined portion that 
carries the crank is a Torrington needle roller journal bearing 
in a boss in the crank housing, the bearing at one end being 
in a blind hole in the boss, while that at the other end is in 
a through-hole, beyond which projects the end of the shaft 
that carries the external, actuating arm. At the outer end 
of this hole is a counterbore to receive a synthetic rubber, 
chevron type seal, with a plastics spreader ring. The seal 
assembly is retained by an end-plate, spigoted into the 
counterbore and secured by four set-screws to the outer 
face of the boss. This seal should give no trouble since it 
is subjected to only the low pressure in the crank housing 

Since one of the bosses has a blind hole and the other 
a through-hole, and the shaft is subjected to hydraulic 
pressure, there is an axial thrust to be accommodated 
Therefore, a Torrington needle roller thrust bearing is 
interposed between the crank web and the boss containing 
the through-hole. A phosphor bronze spacer ring is inter- 
posed between the other face of the crank web and the end 
of the blind boss. The crank web is an interference fit on 
the splines, and is positively positioned by a grub screw in 
two holes aligned with one another in the crank boss and 
shaft. 

The two cams for actuating the levelling valves are of 
En.11, flame hardened to Rockwell C 60. An alternative 
that is under consideration is En.33, case hardened. These 
cams are secured to the crank by means of socket screws 
Their bearing areas are large and the loading is light, so no 
trouble is experienced with regard to wear 

At the other end of the crank arm, which is forked, is a 
14 in diameter, case hardened En.36 pin that carries the big- 
end of the En.8 connecting rod that actuates the damper 
piston. Torrington needle roller bearings, lin long, are 
employed in the big-end, because it is relatively heavily 
loaded. The connecting rod is about #) in diameter. Its 
small end is of spherical form, because a ball-and-socket 
type joint is employed instead of the gudgeon pin 


Damper piston-and-cylinder assembly 

An Ojilite cup component is used in the ball-and-socket 
joint of the small end. The part-spherical retaining collar 
is of phosphor bronze, and the whole assembly is secured 
by a ring nut screwed into the skirt of the cast iron piston 
A lock nut is screwed on to the ring nut and tightened 
against the end of the piston skirt. 

The crown of the piston is shouldered to carry the piston 
ring, or seal, which is retained by an end cap secured by 
countersunk set-screws to the crown. As can be seen from 
the accompanying illustration, the details of this seal, which 
is of synthetic rubber, are unusual. It is of U-form and 
its inner periphery and face that seats on the shoulder are 
bonded to a flanged steel collar. This collar is essential to 
afford adequate support to the seal. A groove is machined 
in the seating face of the shoulder, to carry an O-ring 
When the retaining cap is tightened down on to the piston 
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Right: Noteworthy feat- 
ures of the Armstrong 
combined spring and 
damper unit are its 
compactness and the 
fact that it is com- 
pletely self-contained 
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crown, it pulls the seal hard against this O-ring, thus 


preventing leakage of fluid past the flanged steel collar. 

Obviously, a great deal of development work has had to 
be done on this sealing arrangement. The main problem 
has been to obtain an adequate seal with the minimum of 
friction. Apart from the details already mentioned, the actual 
shape and depth of the U-channel in the seal are critical 
If the friction between the seal and the cylinder bore is too 
high, problems are likely to arise, owing to the generation of 
heat locally within the sealing material, and therefore wear; 
also, any tendency for the piston to stick will adversely affect 
the springing and damping action, 

As can be seen from the illustration, the cylinder is set 
with its axis at an angle of about 8 deg to that of the domed 
steel cover in which it is enclosed. In an earlier design, the 
axes were parallel, but it was found that by canting the 
cylinder over in this way the torque capacity of the unit 
could be increased by about 25 per cent by virtue of the 
larger leverage obtainable. 

The cylinder is a simple mild steel sleeve with a chromium 
plated bore. It is threaded near the end of its skirt, where 
it is screwed into the LM-16 aluminium alloy crank housing 
A shoulder is machined on the lower end of the skirt to 
receive a synthetic rubber sealing ring for preventing leakage 
of fluid from the low pressure to the high pressure sides of 
the damper assembly. In production, the bore of the 
cylinder is first honed, then chromium plated and, finally, 
given a light honed finish. 

At the other end of the cylinder is the screwed in mild 
steel cap, in which are incorporated the damper valves. As 
can be seen from the accompanying illustration, in this cap 
there is a small bleed hole, or holes, according to the degree 
of damping needed, through which oil can pass in either 
direction. This ensures that, under static conditions, the 
pressure is equalized on both sides of the cap, and the weight 
of the vehicle therefore supported by the action of the 
pressure in the gas, transmitted through the hydraulic fluid 
to the piston 

Screwed in the centre of the cap are the bump and 
rebound damping valves. These valves are coaxial, The 
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On the extreme left is 
the pumping valve, 
while the other illus- 
tration is of the 
release valve, with 
the restriction groove 
machined along the 
largest diameter por- 
tion of its plunger 
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central one, seated by a compression coil spring, opens 
during the rebound stroke, whereas the plate valve around 
the periphery of the assembly is seated by a disc type 
spring similar to a Belleville washer, and it opens during 
the bump stroke. Since the arrangement is clear in the 
illustration, a more detailed description is unnecessary. So 
far as the damping characteristics are concerned, normal 
practice is followed in that more damping is applied during 
the rebound than the bump stroke. 

An oil resistant rubber to B.S.2751 is used for the cupped 
diaphragm over the cylinder assembly. Material to the same 
specification is employed for the diaphragm between the 
crank housing and the low pressure gas chamber at the 
opposite end of the unit. The periphery of each diaphragm 
is clamped between its domed end cover and the crank 
housing. Eight set-bolts secure the low pressure cover, 
while the cold-extruded steel high pressure one is retained 
by a ring nut. The main requirement for steels used in high 
pressure applications is, of course, ductility. If a brittle 


material is employed there is a danger that, in the event of 
an abnormally rapid rate of pressure build-up, fracture might 
Since the pressure in the other chamber is only 
about 1001b/in*, LM-16 aluminium alloy is adequate. 


occur. 


Pumping and release valves 

The automatic levelling function is performed by a pair 
of valve assemblies, actuated by the two cams on the crank 
arm. One of these assemblies is, in fact, a small pump 
containing two ball type non-return valves, while the other 
is simply a push rod actuating a single, ball type release 
valve. 

Movements of the suspension system cause the plunger 
of the pumping valve to reciprocate. The arrangement of 
this valve is shown in the illustration. During the bump 
stroke, the plunger is moved upwards, the lower of the two 
ball valves closes and the hydraulic fluid above it is forced 
out past the other ball valve into the hydraulic chamber 
surrounding the damper cylinder and piston assembly. On 
the rebound stroke, the plunger is returned under the 
influence of the coil spring and, while the upper of the two 
ball valves is seated, the lower one opens to alow hydraulic 
fluid to enter from the crank housing to replace that which 
was forced out during the bump stroke. 

Hitenspeed steel, supplied by British Rolling Mills Ltd, 
of Brymill Steel Works, Tipton, Staffs, is used for the barrel 
in which the plunger operates. This material can be 
machined easily and has good wear resistance. The bore is 
hone finished. Mild steel is used for all the screwed in 
components, and the valve seats are of nylon. A cyanide 
hardened En.202 plunger is employed. 

For the release valve, the materials employed are similar 
to those of the pumping valve. It is a much simpler com- 
ponent, the construction of which can be seen in the illustra- 
tion. When the push rod is lifted by its actuating cam, it 
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unseats the ball valve, allowing fluid to pass from the high 
pressure chamber around the damper cylinder into the 
low pressure, crank housing. In doing so, the fluid passes 
through the valve and down a small groove machined the 
full length of the push rod. The function of this groove is 
to restrict the flow so that the levelling operation is not 
performed so rapidly as to upset the trim of the vehicle as 
it passes round a curve. 


Filling 

A measured quantity of SAE 5 hydraulic fluid, which has 
a pour-point of — 40 deg F, is put into the space between 
the diaphragms during assembly. The system is bled and 
should require no further attention during service. The 
nitrogen gas is put into the gas chambers during assembly, 
and the filler valves sealed. It is not expected that further 
replenishments of the gas will be necessary during the life 
of the unit. The actual length of life cannot yet be definitely 
quoted. However, development experience indicates that 
there is every reason to believe that the life should be 
indefinite. Operational experience will, of course, be neces- 
sary to prove this conclusively. 

It is hardly likely that a garage would have the necessary 
equipment for replenishment with either hydraulic fluid or 
gas, should this be necessary after a very great mileage. 
However, filling is a relatively simple operation for the 
manufacturers or a specialist service depot. All that is 
needed is a jig, a high pressure cylinder of nitrogen gas— 
readily obtainable commercially—a speciai container, of 
known volume and fitted with a pressure gauge, pipelines 
and cocks. The cylinder of gas is connected to the container, 
which in turn is connected to the chamber of the suspension 
unit. A cock is fitted in each pipeline. 

Since the volume of the gas chamber in the suspension 
unit is known and that of the container fitted with the 
pressure gauge also is known, it is a simple matter to 
calculate the pressure of gas required in the latter container 
which, when discharged into the gas chamber of the suspen- 
sion unit, will give the required pressure. So the operator 
can be instructed in the following manner. Clamp the sus- 
pension unit in its jig—this locks the crank arm in a position 
approaching the bump limit of its travel, so that the release 
valve is closed. Then, make all the necessary hydraulic 
and gas connections. 

Next, turn off the cock serving the suspension unit. Open 
the cock between the gas cylinder and the container and, 
when the pressure on the gauge registers the appropriate 
amount, turn it off again. Should the pressure in the 
container be too high, a release cock can be eased open and 
then closed again when it has fallen to the required value. 
Next, the cock between the container and the suspension 
unit is opened so that the pressures in both are equalized. 
Finally, the pressure reading on the gauge is again checked, 
and adjusted to the required value by pumping oil into or 
bleeding it from the suspension unit. 

When the connections are initially made, a small plunger 
in each unseats a spring-loaded ball valve—these can be 
seen in the illustration on page 304. Then, when they are 
undone the valves seat again. As a further precaution 
against leakage during service, a plug is screwed into each 
hole and tightened hard down on a sealing washer. Finally, 
the ends of the plug holes are filled with a sealing compound, 
to discourage any subsequent unauthorized tampering. 


Installation 

The Armstrong suspension unit is particularly suitable 
for cars in the 1} to 2 litre class. Because the attitude in 
which the unit is installed is immaterial, its accommodation 
on a vehicle should present few difficulties. It can be 
applied as a conversion of an existing conventional suspen- 


Automobile Engineer, August 1961 





6 


sion system, provided the structure can be suitably modified 
for its mounting. Obviously, though, the best results can 
be obtained in a vehicle specifically designed for it. This 
is not only because, with a specially designed installation, 
the best possible advantage can be obtained so far as use 
of space is concerned but obtain the 
optimum benefits in terms of 
frequencies of the front and rear systems must be 
priately tuned relative to one another—normally, the fre- 
quency at the rear is, as is well known, the higher of the two 

The unit can be used as the suspension medium for al 
four wheels. Alternatively, it can be used for either the 
front or the rear pair. If it is applied at only 
logically it should be at the rear. This is because the varia- 
tion in loading on the rear wheels is greater than on the 
front ones of a car of conventional layout. Also, by 


because, to 
softer 


also 
suspension, the 


appro 


me end, 


using 


disadvantages of the semi- 


However, axle location 


it at the rear, the inherent 
elliptic leaf spring are obviated. 
links are needed to take the place of the semi-elliptic spring 
Several possible layouts are shown in the accompanying 
illustrations, and they include one in which a leaf spring 
is employed to locate the axle and to carry part of the load, 
while the Armstrong unit is used additionally to carry the 
remainder of the load and to effect the automatic levelling 
funcuon, 

In general, because the rate of the spring increases with 
the deflection, and because of the automatic levelling 
characteristic, the rate of the Armstrong unit can be appre- 
ciably less than that of a steel spring used for the same duty 
Alternatively, smaller deflections can be allowed; and this, 
of course, has advantages in certain light commercial vehicle 
applications. An accompanying illustration compares the 
rate curves of the Armstrong suspension in the laden and 
unladen states with that of a leaf spring which was replaced 
by this unit in an experimental installation on a car 


Operation 

The operation of the unit is fairly obvious from the illus- 
trations showing its cross section and valves. Damping is 
effected by the large piston-and-cylinder assembly, while 
levelling is done by means of the pumping and release 
valves, the operation of which has already been described 
One of the illustrations shows the relative volumes of 
hydraulic fluid pumped for increments of 5 deg of the crank 
rotation. From this it can be seen that the cam actuating 
the pumping valve is designed in such a manner that some 
pumping is occurring all the time, even when the release 
valve is open. In fact, the volumes pumped are small over 
most of the period when the release valve is open, and they 
begin to build up as the crank moves from the rebound to 
the static position. This means that as soon as the release 
valve is closed levelling begins immediately at a high rate 
Since the suspension system does not sink overnight, as do 
some other systems, there is no urgent need for rapid 
levelling immediately it starts. Even if a heavy load is 
added, the condition as the vehicle moves off is not notice- 
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ably worse than it would be with a conventional steel spring 
installation 

No trouble has been experienced with regard to heat 
dissipation. During development tests, involving operation 
on pavé for protracted periods, oil temperatures have never 
risen above 60 deg C, although higher temperatures have 
been experienced on rig tests where the system is not 
subjected to the flow of air that normally occurs in vehicle 
The reasons why the temperatures are so low 
within the unit 


installation 
are that the continuous circulation of oil 


helps, and so also does its large bulk, to dissipate and absorb 


heat. Moreover, the area of contact between the unit and 
its mounting is large and therefore there is ample scope for 
heat to be conducted away through the surrounding 
structure of the vehicle 


The first stage of development is now complete. That is, 


Left: A plot showing 
the combined pump 
ng and 
characteristics for 
5 deg increments of 


otation of the spindle 


release 


Load deflection curves 
suspension 
unit, as applied to the 
rear axle of a 1% litre 
car; these curves do 
not include the effects 
of the rubber buffers 


for the 


thoroughly rig tested and proved in 
The next stage is the further develop- 
Simul- 


the unit has been 
vehicle installations 
ment of the unit to suit particular applications. 
taneously, work can be done to refine the system, to reduce 


its cost and to adapt it for quantity production. 


Cold Curing Silicone Rubber 


A SILICONE rubber that cures without the application of 
heat, and is therefore very easy to use, is being manu- 
factured by Midland Silicones Ltd, 68 Knightsbridge, 
London, S.W.1. It is called Cold-Cure Silastomer, and it is 
supplied in any of three consistencies: putty, paste and 
liquid. The addition of a small quantity of catalyst effects 
the curing action. 

This product is particularly useful in experimental work- 
shops. It can be used in applications such as small flexible 
moulds for prototype moulding, for insulating temporary 
wiring harnesses, for protecting small and delicate parts 
from shock, and for encapsulating electronic components 
All of the characteristics of other silicone rubbers are claimed 
for this product — resistance to oxidation and moisture, 


and good temperature stability and dielectric properties 
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URING recent years, a considerable demand has 

grown up for equipment intended to improve the 
overall braking performance in cases where cars and other 
vehicles are used for towing trailers, including caravans. 
This demand stems from the fact that, if the braking 
systems of the tractor vehicle and the trailer are not matched 
in terms of power and response, two dangers can arise : the 
first is inadequate retardation in an emergency, and the 
second is jack-knifing, when the trailer tends to over-run 
the tractor. However, in the conversion of existing vehicles 
to power braking, so great is the variety of layouts possible 
that the work is unsuitable for companies producing servo 
equipment in large quantities. It is therefore hardly sur- 
prising that a relatively small specialist company, Feeny and 
Johnson Ltd, of Wembley, Middlesex, has established itself 
firmly as one of the leaders in the conversional field. 


Vacuum actuated trailer brakes 

Probably the outstanding Feeny and Johnson product is 
the single-line trailer braking system, which has been in 
production for many years. The use of only one pipeline 
between the tractor and the trailer gives this layout a 
marked advantage in respect of simplicity. Normally the 
system is used to provide vacuum braking on a trailer 
towed by a vehicle, such as the Land-Rover, equipped with 
hydraulic brakes, but a version is available for use where 
the tractor has vacuum assisted brakes. The components 
of the system are in two groups, one on the tractor and 
the other on the trailer. In the first group are a source of 
vacuum, a dual-control hydraulic reaction valve and one 
half of a hose coupling, while in the other are the mating 
portion of the coupling and a vacuum power unit linked 
to the trailer brakes. 

The reaction valve is, of course, the heart of the system. 
It is referred to as being of the dual-control type because it 
is actuated both by the hydraulic system for the brakes of 
the tractor vehicle and by an independent, cable operated 
mechanical control. The hydraulic connection to the valve 
is by way of a T-piece inserted in the brake line, and the 
mechanical control is applied by means of a hand lever 
situated near the driver, usually on the steering column, 
at a convenient distance below the wheel. 

On the valve body there are two external vacuum con- 
nections, one of which leads to the source of vacuum—the 
inlet manifold in the case of a petrol engine, and an 
exhauster and vacuum reservoir where a diesel engine is 
fitted—and the other to the half-coupling on the tractor 
Axially disposed within the body is a piston valve assembly, 
which is spring loaded towards the brakes off position. When 
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Applications of 


Some Details of Servo Brake System Installations 


the piston assembly is caused to move, by application of 
the brake pedal or lever, a circular flanged member mounted 
on it comes into contact with a rubber diaphragm, of 
annular form, clamped at its periphery between two portions 
of the body. 

Further movement of the flange deflects the diaphragm 
off its seat, against the resistance of a second spring, and so 
permits the vacuum to be applied to the power unit. 
Progressive response of the valve to the control is obtained 
by applying the reaction from the power unit to a second 
diaphragm, thereby inducing a load that tends to reduce 
the opening of the main diaphragm. Thus, the latter 
quickly takes up an equilibrium position related to the effort 
applied to the brake control. 

The coupling at the rear of the tractor is of the quick- 
release, self-sealing type comprising a part-conical male 
member, with a circumferential external and a 
similarly formed female member carrying four captive steel 
balls, equally spaced in holes round the bore. In its engaged 
position, the male portion of the coupling is locked in 
position by the balls, which register in the groove, and its 
nose seats on a synthetic rubber sealing ring in the body. 
The final movement of engagement unseats a piston valve 
in the body of the coupling and so opens the circuit. 

In this position, the balls are restrained against outward 
movement by the bore of a spring-loaded sleeve around the 


groove, 


Right: In the Karrier 
Bantam conversion to 
power operated, trailer 
braking, a lever on 
the steering column 
provides a secondary 
control for the brakes 


Below left: Detail view 
of the converted Bantam 
chassis. The convoluted 
servo unit actuates a 
lever that is connected 
to a second one on the 
Scammell slipper gear 





female member. Axial movement of the sleeve against the 
resistance of the return spring, however, brings an annular 
groove in its bore into line with the balls, which are thus 
permitted to spread radially outwards; the male portion can 
then be withdrawn. The withdrawal action, of course, 
allows the piston valve to return to its seat, without loss of 
vacuum. 

Rubber hose of a composite type is used for all vacuum 
connections. The rubber is of the petrol and oil resistant 
type, and into it—near the periphery—is moulded a double 
insertion of open-weave canvas. As a safety measure, an 
additional valve of the break-away type can be mounted 
on the towbar. Should the trailer accidentally become 
detached from the tractor vehicle, the pull on the hose 
actuates this valve, thereby causing the full vacuum in an 
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Vacuum Equipment 


d Other Work Carried Out by Feeny and Johnson Ltd. 
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additional reservoir on the trailer to be supplied to the 
vacuum power unit, and so applying the trailer brakes 

Between the break-away valve and the reservoir are two 
pipelines, in one of which is a T-piece connected to the 
vacuum power unit. A simple non-return valve is fitted 
between the T-piece and the reservoir. The second pipe- 
line forms a by-pass to the non-return valve and is opened 
to vacuum only in the emergency outlined in the previous 
paragraph, when the break-away valve operates. In this 
circumstance, the vacuum is applied to the power unit by 
way of the break-away valve and the T-piece. 

To enable the installation to be suited to the weight of 
the trailer, five different sizes of power unit are made 
These are extremely simple and are characterized by an 
absence of sliding friction and of any need of maintenance 
Each consists merely of a rubber bellows, of convoluted 
form, and two cast aluminium end plates, to which the 
bellows is attached by circumferential clips, also of Feeny 
and Johnson manufacture. In each end plate is a central 
tapped hole. The hole in one plate is for mounting the 
unit, in this instance on a convenient point on the trailer; 
screwed into the hole in the other is an eye bolt, for attach- 
ment to the brake linkage. Because of the flexibility of the 
bellows, there is no need of a pivoted anchorage, as is 
required with a piston type servo unit 

To prevent the convolutions of the bellows from collapsing 
radially under vacuum, a steel wire ring is moulded into the 
crest of each. In the development of these power units, 
which have now been marketed for over 30 years, the only 
real difficulty encountered was that of establishing the best 
mix for the rubber. Too hard a mix resulted in a bellows 
with an insensitive action, which required too much power to 
operate it, while with too soft a mix the bellows tended to 
bend in addition to collapsing axially. 

An indication of the range covered by the five sizes of 
power unit is given by the following data. The smallest has 
an effective length, in its normally extended state, of 94 in 
and a diameter of 5in, whereas the corresponding figures 
for the largest unit are 143in and 8in. At a vacuum of 
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/-_ . Diagrammatic layout of the single-line 
3 a braking system for trailers towed by a 
 F vehicle with hydraulic brakes. The hose 
~ shown as a chain-dotted line comes into 
use only on operation of the break-away 
valve, should the trailer become detached 


20in Hg, the minimum pulls exerted are 60 and 330Ib 
respectively, and the maximum strokes are 4j in and 7j in 
There are three intermediate convolutions on the two 
smaller sizes, and four on the three larger models. 

For use on diesel powered tractor vehicles, Feeny and 
Johnson Ltd. markets two exhausters, manufactured under 
Wade patents. These are the E.240 and E.300 models, the 
first of which has a maximum displacement of 34 ft*/min, 
and the other of 5ft®°/min. Both are of the eccentric vane 
type, with unguided vanes, and their maximum safe speeds 
for continuous operation are 2,950 r.p.m. and 1,100 r.p.m. 
respectively Since each has an integral oil sump, no 
external source of lubrication is required. A V-belt drive 
is employed, usually from a pulley on the front end of the 
crankshaft; in certain applications, however, the driving 
pulley for the larger model is mounted on the propeller 
shaft. 

A more specialized servo appplication, and one that has 
proved very popular, is to the trailer braking system of the 
Karrier Bantam tractor fitted with the Scammell J type 
coupling. As many readers are aware, this coupling is 
designed to provide rapid connection and disconnection of 
the trailer. Consequently, mechanical actuation of the brakes 
is employed, through the agency of a slipper mechanism at 
the rear of the tractor; this slipper gear engages automatically 
when the tractor is backed under the trailer for coupling 
purposes, and is disengaged by the action of the uncoupling 
control. The driver applies the trailer brakes by means of 
a separate lever in the cab, connected by a rod to an arm 
mounted on the shaft of the slipper unit 

In the Feeny and Johnson conversion, there are, in fact, 
three methods of operating the trailer brakes, the first being 
that just described, which is virtually unaltered. Both other 
methods involve the servo: the second is by way of the 
tractor’s hydraulic braking system, and the third is by an 
independent manual control mounted on the steering column. 
A dual-control hydraulic reaction valve, of the type previously 
described, is therefore used, and its application is clearly 
shown in one of the accompanying illustrations. The power 
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This conversion of a normal hydraulic braking system to vacuum servo 
assistance has been fitted to certain E.R.F, Seddon and Vulcan chassis 


unit is, of course, mounted on the tractor—not on the trailer 
as in the case of the system already mentioned—and sliding 
links are embodied in both the servo rod and the original 
control rod, to permit one to over-run the other. 


Servo-assisted braking 

Another important activity of this company is the addition 
of vacuum servo assistance to vehicle and trailer brakes. 
A feature of this equipment is that any number of power 
units can be fitted in series for actuation from one control 


Reproduction of the general arrangement drawing showing the conversion 





























valve. The makers claim that their vacuum system does 
not suffer from significant time lag between depression of 
the pedal and response at the brakes. This rapid response 
is attributed to the design of the control valves and to the 
absence of pistons or other sources of friction in the power 
units. Control valves for mechanical as well as hydraulic 
layouts are available, so assistance can be provided equally 
well for hand or foot brakes. In all cases, the aim is at 
keeping the cost down by making the greatest possible use 
of existing parts and fitting the minimum of new ones. 

The most common conversion is to hydraulically actuated 
foot brake systems on commercial vehicles. It is usual for 
the control valve to be incorporated in the rod between the 
brake pedal and the lever actuating the master cylinder, 
whereas the power unit acts on that lever or an extension 
of it. To suit the individual layout, the control valve can be 
of either the tension or the compression type. The valve is 
not anchored to the chassis: one part of the pedal rod is 
screwed into the body of the valve and the other into its 
piston. A spring holds the piston in its neutral position 
when the brakes are off, the direction of the spring loading 
depending on whether the valve acts in tension or in 
compression. 

In addition to actuating the master cylinder, the initial 
movement of the brake pedal moves the valve bodily and 
closes its breather, which carries a small air filter element. 
Further movement results in increasing resistance at the 
brakes; when this resistance becomes sufficient to overcome 
the valve spring, the piston begins to move and applies some 


of the Karrier Bantam tractor fitted with the Scammell J type coupling 
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Two views of a Triumph Herald car converted for a legless driver 





On the left can be seen the vacuum power units and their linkage to the pendant 


pedals for the clutch and brakes. The clutch control is carried on the gear lever and those for the brakes and throttle are on the steering column 


vacuum to the power unit to assist the pedal movement. The 
reaction from the power unit opposes the movement of the 
piston, so that a lap position is reached as soon as the pedal 
load attains a steady value. An increase in pedal load, of 
course, causes the piston to move further, thus increasing the 
degree of vacuum assistance. By this means, a fully pro- 
gressive action of the valve is obtained 

A drawing of a typical application of servo assistance, 
suitable for certain E.R.F, Seddon and Vulcan chassis, is 
reproduced. In this instance, the control valve is of the 
tension type, and the existing rocking lever for the master 
cylinder is adapted by welding on an extension that provides 
the correct leverage for the power unit. In the case of a 
vehicle with a petrol engine, the only additional parts neces- 
sary for this simple installation are the valve, the power 
unit and its mounting bracket, and the hoses. A diesel model 
would, of course, have to be fitted with an exhauster and a 
vacuum reservoir. 


Hand control conversions 

A large proportion of Feeny and Johnson’s capacity is 
given over to the manufacture of conversion kits that enable 
cars and commercial vehicles to be driven by people wh« 
have lost the use of one or both legs. For the convenience 
of customers, the installation is normally carried out not by 
the company but by an agent, of whom there are eight in 
Britain and twelve in other parts of the world. It is of 
interest that about 40 per cent of the output of this equip- 
ment is exported, Israel being one of the main importers. 
Systems have been evolved for most of the popular cars, 
including the B.M.C. ADO 15, the Triumph Herald and the 
Ford range, as well as for various Rover models and other 
more costly vehicles. 

Since the hand control equipment 
does not replace, the existing foot controls, a converted car 
can still be driven normally, and can readily be restored to 
its original condition for resale; in view of the limited 
market for vehicles with hand control, this second point is 
one of some importance. It is probable, too, that much of 
the equipment could be used again for converting the 
succeeding car. In all cases, the throttle is hand operated, 
and so also, where neither leg can be used, are the brake 
and clutch. For owners having a left-leg disability, the 
clutch is converted for manual actuation, as is the brake 
where the right leg is inoperative. 

The following description covers the layout used in the 
full conversion. Basically, the accelerator and brake controls 


is additional to, and 
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are grouped together on the steering column, below the 
wheel, and the clutch control is mounted on the gear lever 
Servo actuation is applied to the brake and clutch controls 
but not to the throttle control, because the effort needed is 
obviously insufficient to warrant the additional complication 
Bowden cables are employed for all three controls and, to 
ensure the minimum of friction over a long period, the inner 
wires are treated with a dry lubricant—actually a graphited 
wax—on assembly. This wax is preferred to oil or grease, 
because it does not tend either to pick up dirt or to dry 
out under the influence of engine heat. 

The throttle control cable is taken from the finger lever 
directly to the carburettor, if the existing control is by cable, 
or to a convenient point on the linkage in the case of rod 
To permit the driver to turn the steering through 
a reasonable angle loss of with the lever, 
this is of T shape, with an arcuate Manoeuvring in 
confined spaces and restarting on hills are facilitated by the 
operation of a small secondary lever that locks the main lever 
in any desired If required, this facility can, of 
course, be used to give a fixed throttle opening for cruising 


operation 
without contact 


bar. 


position 


on clear roads 

As can be seen from the illustration, the brake hand lever 
is of T-shape, formed from a continuous length of steel rod 
in such a way that it circumscribes the throttle lever, with 
sufficient clearance to permit easy operation of either lever 
independently of the other. Simultaneous actuation is 
possible but this requires an above-average level of manual 
dexterity. Various clutch control levers have been designed, 
and the type used in a particular application depends 
primarily on whether the gear lever is of the floor mounted 
or steering column type; consideration is given to the length 
and angle of a floor mounted gear lever, to ensure that the 
clutch lever is conveniently to hand for gear changing. 

In the case of both the clutch and the brake controls, the 
actuating cable is connected to a progressive vacuum control 
valve of the type already described. This valve applies the 
requisite degree of vacuum from a reservoir to the 
appropriate bellows unit, the moving end of which is attached 
to the end of a relay lever. In turn, this lever is coupled to 
the pedal by means of a sliding link, which permits the pedal 
to be used without bringing the servo into action. 

Because of the wide differences between the layouts of 
various cars, it is clear that no standard installation would 
be practicable, so each new application has to be developed 
empirically. In the typical installation illustrated, both servo 
units and their control valves are fitted under the bonnet, 
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but because of considerations relating to space available and 
accessibility, this is not always practicable. The vacuum 
reservoir can, of course, be stowed in any convenient 
position, the most common being the boot. A vacuum 
gauge, for mounting on the facia panel, is included in all 
conversion kits. 


Piston type servo units 

Finally, brief mention should be made of the fact that 
the company manufactures a second range of servo units, 
of the piston and cylinder type. These are available with 
bores of between 24 in and 10in, and there are alternative 
strokes for each bore size. A feature of all these units is 


their lightness, which results primarily from the use of 
plastics cylinders. In the case of the smaller sizes, the end 
caps are aluminium castings, but light-gauge steel spinnings 
are used on the larger models. The caps are secured by a 
series of long bolts, the purpose of which is to minimize the 
stresses in the cylinder. 

Two sizes of these servo units are at present in regular 
production: one has equal bore and stroke measurements 
of 8in, and for the other these dimensions are 2}in and 
1té in respectively. The larger model is employed on a 
mechanical road sweeper, for raising and lowering the brush 
gear, while the smaller one is for adjusting the suspension 
damper settings on the Vanden Plas Princess 4 litre car. 





Vibration Meter 


_ meet the demand for a compact and portable yet 
very accurate and versatile instrument for the measure- 
ment of vibration, Dawe Instruments Ltd, of 99 Uxbridge 
Road, London, W.5, have developed the type 1431 vibration 
meter. This unit is fully transistorized and gives direct 
readings of velocity, displacement and acceleration over a 
wide range. By virtue of its inherent freedom from micro- 
phony and the absence of any warming-up period—resulting 
from the use of transistors—this instrument should be well 
suited for work on vehicles and machinery. 

The meter can be operated from normal a.c. mains. 
Alternatively, power can be provided from dry batteries 
accommodated within it. The power consumption is only 
2W and therefore eight small torch batteries are sufficient 
for 80 hours of operation. 

A moving coil pick-up, whose output is directly propor- 
tional to the velocity, is used to sense the vibration. 


Integrating and differentiating networks can be switched 
into the circuit to give direct readings of displacement and 


acceleration. An output jack is provided so that the ampli- 
fied signals can be displayed on a cathode ray oscillograph 
or can be fed to a frequency analyser or other types of 
equipment. 

The pick-up has a resonant frequency of approximately 
5 c/sec, which is well outside the frequency range of the 
meter, from 10 to 1,000 c/sec. Its vibration range is such 
that a peak-to-peak maximum amplitude of approximately 
0-6in between stops is covered, and the maximum peak 
acceleration that can be measured is 10,000 in/sec*, or just 
under 26g. Despite this high top limit, the sensitivity in the 
lowest range is such that a displacement, from zero to peak, 
of only 0-0003in gives full-scale deflection, and readings 
can be made directly to 0-000005 in. The plan dimensions 
of the instrument are 7 in x 7} in, and it is 10} in high. 
Without batteries, the unit weighs approximately 6} lb and 
complete with batteries its weight is about 74 Ib. 


Apprentice Executives 


BECAUSE of the ever increasing need for highly trained 
commercial executives in its widening organization, Leyland 
Motors is to introduce a commercial apprenticeship scheme. 
The aim, in keeping with Leyland tradition of promoting 
from within the company, is at providing a wide and 
varied training in the latest business and management 
techniques, to fit the trainees for senior executive positions 
with the Leyland Group companies at home and overseas. 

Applicants at the age of 16 should preferably have passed 
the G.C.E. at O level in four subjects including English and 
mathematics. Those who are accepted by the selection 
committee will start work in September. 

They will first go through an intensive training period in 
most departments of the commercial division. From this 
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they will gain practical experience in the costing, internal 
audit, material control, purchasing, sales contracts, shipping, 
statistics, wages and many other departments. After this, 
individual arrangements will be made for these apprentices 
to specialize in the type of work for which their natural 
aptitude and inclination makes them most suitable. This 
will continue till they finish their apprenticeship at the age 
of 21. 

Throughout their first year, the apprentices will be 
released from work for one day each week, with pay, to 
attend a preparatory commercial course in the company’s 
own school. They will also attend for one evening a week 
to learn a foreign language. Later, additional day release 
facilities will enable the boys to take the Ordinary National 
Certificate in commerce at local technical colleges. On 
successful completion, suitable apprentices will be given a 
further day release to obtain a more specialized professional 
qualification of the recognized accountancy or secretarial 
associations or institutes. Further details can be obtained 
on request from Leyland Motors Ltd, Leyland, Lancs. 


Computer Staff 


AN ANNOUNCEMENT has been made to the effect that 
Senior Staff Consultants Ltd. have formed a special depart- 
ment to deal exclusively with the recruitment and appoint- 
ment of staff for all aspects of computer work. To assist 
them in this project they have retained the services of 
Computer Consultants Ltd. and have taken over the 
specialist staff appointment service previously run by that 
company. Enquiries should be addressed to Senior Staff 
Consultants Ltd, 7 Cork Street, London, W.1. 


Heat Bibliography 


A BIBLIOGRAPHY, containing over 4,000 references, has 
been prepared by the National Engineering Laboratory. It 
is entitled “Heat Bibliography 1959” and includes references 
to papers, reports and books on subjects covering heat 
exchangers, basic heat transfer processes, the physical 
properties of gases and liquids, instruments for measuring 
temperature and flow rate, the economics of heat exchange 
plant, the effects of corrosion and fouling on the efficiency 
of heat exchangers, and many other associated topics. 

The information was obtained from original publications 
and abstract journals, and all relevant titles noted in NEL 
during 1959 have been listed. A simple subject classification 
arrangement has been used to avoid extensive cross 
referencing. This work will be of particular use to manu- 
facturers and users of all types of heat exchange plant, 
including boilers, condensers, liquid coolers, refrigerators, 
and distillation equipment, and to research workers in the 
field of heat transfer. It costs 20s, postage 1s 9d extra, and 
is available from H.M.S.O, 13a Castle Street, Edinburgh. 
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ONTINUOUS bright heat-treatment, brazing and anneal- 
ing can be carried out in the Hump-Back conveyor 
furnace manufactured by Royce Electric Furnaces Ltd, Albert 
Drive, Sheerwater, Woking, Surrey. There are three chambers 
in this furnace: pre-heating, heating and cooling; they are 
joined by gas-tight connections and together form a con- 
tinuous metallic muffle, so that hydrogen or cracked 
ammonia can be used as protective atmospheres. The end- 
less conveyor belt is of nickel-chromium wire, riding over 


On this tube-bending machine, the order of a succession of bends is 
determined by pins on a rotating drum that is behind the front cover 


(Chamberlain Industries Ltd) 





Conveyor furnace, with gas-tight 
muffle for inert atmospheres, for 
bright heat-treatment or anneal- 
ing parts up to 12 in diameter 


(Royce Electric Furnaces Led) 
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New Plant and Tools 


Recent Interesting Developments in Production Equipment 


the base of the muffle in the furnace, and returning on skid 
plates beneath the furnace. A continuously rated, squirrel 
cage motor transmits drive through a variable speed unit to 
the large, rubberized roller that drives the conveyor belt. 

Two basically similar furnaces are in the Hump-Back 
range, the “W” type having heavy gauge nickel-chromium 
wire heating elements, for temperatures up to 1,000 deg C, 
and the “T” type nickel chromium tape elements for tem- 
peratures up to 1,150 deg C. The elements of the “W” 
type furnace can be removed individually through the side 
walls, whereas the “T” type has a removable roof, which can 
be raised for access to the furnace chamber. Both pre- 
heating and cooling furnaces are water-jacketed, but the 
main chamber is lined with high-grade refractory tiles and 
semi-refractory brickwork. 

These furnaces are available in four sizes, the widths of 
the conveyor belts being respectively 4 in, 6 in, 8 in and 12 in 
The overall length of the longest of the furnaces is 34 feet, 
and that of the shortest 16 feet. In addition to the standard 
furnaces of the range, the manufacturers can supply units 
to meet special requirements. 


Programmed tube-bending 

An interesting addition to their range of tube-bending 
machines has been introduced by Chamberlain Industries 
Ltd, Staffa Works, Argall Avenue, London, E.10. This 
machine, a semi-automatic unit with a pre-selector device 
that determines the direction and sweep of up to twelve 
successive bends, is manufactured by the Herber Company 
of Sweden. In this country it will be known as the Staffa- 
Herber type SBA 28. 

The central feature of this machine is a horizontal turn- 
table, on which are two forming tools, the adjacent faces of 
which act as the jaws of a vice during a bending operation. 
When a tube is to be bent, it is gripped by the tools and 
wrapped around one of them as the table rotates; the bend 
can be either right or left-hand, according to the direction 
of rotation that is selected for the operation of the turntable 
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Around the turntable, but fixed to the body of the machine, 
is a graduated ring, on which are clamped blocks in which 
are incorporated pneumatic plungers. These blocks can be 
placed in any desired angular position. Where a selected 
plunger is set to protrude, it is contacted by a stop on the 
rotating turntable, and the turntable is halted and auto- 
matically returns to the starting position. 

The valves that control the plungers are mounted in a 
row, and are operated by steel pins screwed into a rotating 
preselector drum. Two of the pins select the direction of 
rotation of the turntable, and the remainder are placed in 
an order appropriate to the order and sweep of the bends, 
as decided by the angular positions of the relevant stops on 
the turntable ring. At the start of a bending operation, the 
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The flexibility of this abrasive sponge is well illustrated 
adjacent faces of differing profiles can be treated in one 
(Finishing Aids and Tools Ltd) 


Below: A device for separating oil and water from compressed air 
and for reducing the magnitude of the fluctuations in air pressure 
(Manufacturer, Aerograph-DeVilbiss Ltd) 








tube is front of the machine, through the 
forming and on to a long mandrel. Each bend is 
started by the depression of a foot-rail, and as it is completed, 
the tube is automatically fed forward to its next position, 
determined by a series of pre-set ratchet-type stops on the 
workholder. 

Bends in different planes can be accomplished by resting 
the tubes on special jigs fixed to the turntable and set at the 
appropriate angles. It will be appreciated that on this 
machine, all bends must normally be of the same radius, 
but it is possible to have two tools of different radii and 
to have all keft-hand bends of one dimension, and all right- 
hands bends of another. 

The operating drum, then, stores the programmes for the 
order of bends, and the sweep of each bend has to be 
adjusted by hand. It is possible to store more than one 
programme on a drum, provided the total number of bends 
does not exceed twelve. If any untoward incident occurs 
during the execution of a programme, the drum can be 
returned to zero by pressing a button; it is thus not necessary 
to complete the programme in order to start bending the 
next piece of tube that is due to be fed into the machine. 


fed from the 


tools 


314 











" ¢ sh i, 
PRI 


7 


ee 





This machine is 38in high, and has a capacity of 14 in 
o.d. x Ys in wall thickness steel tube, or 14 in » in brass 
tube; the minimum radius of bend is 1{ in, and maximum 
6in. The length of the standard workholding mandrel is 
10 ft, and the length of tube automatically fed forward allows 
the forming of bends up to a maximum of 150 deg. 
Abrasive sponge 

Because of the flexibility of the Artifex abrasive sponge 
the claim is made that it is possible to reduce the number of 
operations required to give a high finish to a wide variety of 
materials. Close and continuous contact is maintained 
between sponge and workpiece, and only light pressures are 
necessary. Adjacent faces that are curved, flat and profiled 
can be finished with one pass, and the inherent absence of 
chatter is said to impart a finish of a consistent standard 
over the treated area. 

No coolants, lubricants or polishing compounds are 
required with this material, but if the need arises to use 
them, the effectiveness of the sponge is unaltered. The 
Artifex sponge is manufactured by Finishing Aids and Tools 
Ltd, Chandos House, Buckingham Gate, London, S.W.1, 
and is available in four grades: soft, medium hard, hard and 
extra hard. Matt or polished surfaces can be produced on 
all ferrous and non-ferrous metals, and on plastics and 
hardwoods. Grinding wheels are supplied in various sizes 
up to 16in diameter and 4 in thick. 


Air transformer 

Designed to provide a steady, unfluctuating supply of 
clean air to all types of air tools, the type HLE air trans- 
former has recently been announced by Aerograph-DeVilbiss 
Co. Ltd, 47 Holborn Viaduct, London, E.C.1. This device 
is particularly useful when used in conjunction with paint- 
spraying equipment, for it can provide two large spray guns 
with a constant supply of air at any pressure likely to be 
required. Within the body of the transformer there is an 
air-driven centrifuge for separating oil and water from the 
air supplied, and also a filter for removing small particles 
that are likely to cause damage to the centrifuge. 

Delivery pressure can be controlled to within ; lb/in* for 
each 10 Ib/in? of fluctuation in supply pressure from the 
mains. This transformer has a flow capacity of 50 ft?/min, 
and the maximum delivery pressure is 135 lb/in*, the highest 
usable supply pressure being 250 Ib/in*. It is basically a 
tall cylinder, with the regulating device and pipe connections 
at the top, and its overall height is quoted as being 15 in. 
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Gas Carburizing Plant 


Wild-Barfield Semi-automatic, Sealed-quench Equipment 


Installed at the Standard-Triumph International Ltd. plant 


} peund from economic considerations, the most important into two sections. On the left is the entry chamber and 
advantage of gas carburizing is that it enables precise on the right the carburizing section, with a gas-tight door 
metallurgical control of the quality and the depth of case between them. The entry chamber contains a loading 
to be exercised. This installation at the Fletchamstead works platform that can be raised or lowered. When lowered for 
of Standard-Triumph International Ltd, comprises four quenching, there is a period of oscillation in a vertical plane 
Wild-Barfield ACE single-zone, sealed-quench furnaces and and, simultaneously, a violent agitation of oil through the 
two horizontal, forced air-circulation, tempering furnaces, charge. This ensures that work will be free from soft spots 
for gas carburizing and hardening and for tempering 
respectively. They are employed for heat-treating trans- 
mission gears and components. So far as the gas carburizing 
equipment is concerned, the prime requirement was that the 
quality and carburizing potential of the atmosphere used 
should be consistent and should not require supervision by /98"9™matic section of Wild-Barfield ACE sealed-quench furnace 
the furnace operator. The carburized components were to 

be so treated that no final post-treatment cleaning or 
grinding would be necessary. 

One of the drawbacks in the conventional fixed-retort, i 
pit-type, gas carburizing furnace is that the charge is 
exposed to air between furnace and quench, and con- 
sequently a slight scaling results. For most production 
items this can be tolerated but, where a scale-free finish is 
required, an alternative type of equipment is desirable 
Hence, sealed-quench furnaces were chosen for this par- 


A ter door: B double tier j 4 quench platform C entry chamber, O quench 
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ticular installation. They are versatile in application and ite = 1 
can be used either for gas carburizing or carbo-nitriding, alt es aaa i 
as well as for carbon restoration, clean-hardening, and 8 [si UG ns oe 
clean-normalizing. ‘Their main characteristic is that from | | tH 
the time a charge is placed in the furnace chamber until its ¢ set f 11 ~G 
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caused by small pockets of quench-oil vapour trapped in 
the work. The quench tank, which forms part of the entry 
section, is provided with oil circulators, coolers and 
immersion heaters; the quenchant temperature is maintained 
at a pre-set figure by thermostatic control. Quench equip- 
ment has been so designed that, when required, hot-oil 
quenching can be carried out. To facilitate the insertion 
and withdrawal of the work baskets containing components 
undergoing treatment, the main carburizing chamber is 
fitted with a roller hearth. If desired, the hearth roller- 
assembly can readily be modified for power operation, thus 
easing the work of the operator. A fan is provided in the 
roof of the carburizing chamber to ensure an effective 
circulation of atmosphere through the charge, in which duty 
it is assisted by the provision of a suitable baffle. Heating is 
provided by Wild-Barfield electric radiant-tube elements, 
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A in quench tank; 8B carburizing; 
C loaded on to quench platform 








A ready for removal; 8 carburizing; 
C awaiting turn to carburize 











A unloaded and replaced by next 
basket of work. Cycleis then repeated 











Operational cycle for carburizing followed by direct quenching 


fully protected against excess temperature conditions and 
earth leakage and completely sealed from the chamber 
atmosphere. These units are of a design that permits 
speedy replacement to be made, if necessary, whilst the 
furnace is in operation and without interfering with the 
atmosphere conditions. The provision of a double-tiered 
platform in the loading section enables semi-continuous 
production to be maintained. The sequence of operations 
is shown in the diagram. 


Atmosphere control 

Of the atmospheres available for gas carburizing, the one 
chosen for use in this installation is endo-propane enriched 
with propane. The advantages of this atmosphere stem 
from its low sulphur content, purity, and consistency of 
properties. To produce a really satisfactory carburizing 
gas, it is necessary to have a specific “carbon potential” 
relating to the steel, the case depth required, and the car- 
burizing temperature. Generally speaking, this “carbon 
potential” is related to the carbon dioxide and water vapour 
constituents of the atmosphere. Both of these constituents 
are present in fractional amounts and, of the two, the water 
vapour is by far the easier to measure with accuracy. 

It has become customary to measure and express the 
water vapour content as the dewpoint of the atmosphere, 
and this value can be co-related to the carburizing capacity 
of the atmosphere under stated conditions. This means that 
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by varying the dewpoint it is possible to control the surface 
carbon content of a steel, and during carburizing to control 
both this value and the carbon gradient of the case. Although 
several methods exist for the control of dewpoint, by far 
the best solution is found in fully automatic control; that is, 
by a recorder which activates automatic correction of gas 
quality to a pre-set dewpoint. A system of this type can 
hold the control to +1 deg F dewpoint although in practice, 
for many operations, a coarser control of up to +3 deg F is 
satisfactory. The method is in use with the Wild-Barfield 
ACE furnaces at Standard-Triumph and enables consistent 
gas carburizing to be obtained with the minimum of 
supervision by specialized personnel. 


Operating conditions 

At Fletchamstead, the charge load of components—gear 
shafts, gear wheels, cluster gears, differential pinions and 
similar parts—is approximately 400 lb. Carburizing is 
carried out at 925 deg C for 1-5 hr, followed by a stabilizing 
period of 2-5 hr for diffusion and eventual reduction of 
temperature to 815 deg C. The parts are then quenched 
in oil which is maintained at a temperature of 53-54 deg C. 
In normal operation the overall treatment time is from 5-5 
to 6-0 hr, which includes 1-0 hr recovery time. The effective 
case depth is from 0-025 in to 0-030 in. 

Operations are controlled by four sets of instruments on 
a large panel. A Honeywell electronic strip chart recorder- 
controller operates in conjunction with two process timers 
which automatically reset on completion of the cycle. Each 
set of instrumentation includes manual controls for the 
propane and air producing the endothermic gas. There are 
also Honeywell Pyr-O-Vane instruments that indicate and 
cut off fuel flow under excess temperature conditions, and 
similar instruments safeguard the remotely sited gas 
generator. A separate recorder-controller keeps the quench 
oil temperature constant at the pre-set value to within a 
tolerance of +1-0 deg C. Dewpoint control is provided 
by Foxboro-Yoxall circular chart controllers. 

In addition to the ACE furnaces, the installation includes 
two special tempering furnaces. They are situated at the 
end of the line of ACE equipments, remote from the control 
panel. Each is of normal box-type construction with coiled 
heating elements of nickel-chromium alloy. A baffle inside 
the chamber, in conjunction with a suitable fan, ensures a 
positive air circulation which is conducive to rapid heating 
and temperature uniformity. The pilot lights seen in the 
illustration to the left of each door are repeat signals from 
the furnace control panel and indicate “mains on”, “furnace 


Furnace control panels, with dewpoint controls mounted on the left 
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on” and “excess temperature”, while the fourth gives a visual 
signal that the treatment period has expired. The last- 
mentioned light operates jointly with an audible signal. 
Honeywell controllers for these two furnaces are mounted 
on the main instrument panel. It should be added that a 
degreasing unit is provided between the ACE furnaces and 
the tempering equipment. 

The emphasis in these notes has been upon gas carburizing 
but, as was pointed out earlier, the ACE furnaces can be 
used for carbo-nitriding. In practice, the carbo-nitriding is 
carried out at 160-180 deg C using a normal carburizing 
atmosphere to which a small addition of ammonia has been 
made. The process is, of course, similar to gas carburizing 
in that both temperature and time are related to case depth 


Two special tempering furnaces for the Standard-Triumph installation 









BOUT four years ago the General Motors Research 

Laboratories, of Warren, Michigan, U.S.A, embarked 
on a research programme concerning the causes of leakage 
through lip type oil seals. This programme was initiated 
because leaking seals were undesirably frequent at that 
time; in many cases, of course, rectification involved exten- 
sive dismantling and reassembly, the cost of which was far 
greater than that of the seal. The data obtained during the 
programme indicated that accurate testing equipment for 
seals of this type was essential if an adequately high 
standard of reliability was to be maintained. Two types of 
machine were therefore designed by the Laboratories and 
are now manufactured by them. 

These two machines, designated Sealrater and Sealector, 
are complementary, and the following outline of the various 
factors affecting the performance of a seal will explain why 
both are necessary. In the first place, the seal must be 
tight enough only to stop leakage, and not so tight that it 
squeezes out the protective oil film under the lip. An 
excessively tight seal gives rise to high local temperatures, 
with consequently rapid wear or even burning of the lip, 
either of which leads to early leakage. The tightness, 
clearly, can be caused by either too small a diameter in 
relation to the shaft, or too high a lip pressure, which in 
turn can derive from either excessive spring loading or an 
over-hard rubber mix. 

Eccentricity between the seal and the shaft must be 
closely controlled because of its modification of the effects 
of both the diameter and the lip pressure. The shaft, too, 
plays an important part in minimizing the risk of leakage 
On this component, a surface finish of between 10 and 
20 microinches is regarded by the Laboratories as the best 
compromise : it is rough enough to support the oil film 
under the lip, yet smooth enough not to break through that 
film and cause direct contact between shaft and seal. 

In addition, if the shaft has a turned finish, the machining 
lead should be less than the width of the working face of 
the seal. If it is not, rotation of the shaft in the appropriate 
direction will result in oil being pumped past the seal. The 
shaft, too, must be round enough not to cause a standing 
gap to form in the lip at high rotational speeds. Finally, 
care in storing the shaft, and in the subsequent assembly, 
is necessary to avoid the nicks and scratches that can nullify 
the care taken in other directions. 

The conditions under which an oil seal operates can 
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Seal Quality Control Equipment 


obviously vary considerably from one application to another. 
It follows that the correct tolerances for one application 
will probably not suit another. The function of the Sealrater 
machine, therefore, is the determination of these tolerances 
by testing under an accurate simulation of the appropriate 
operating conditions. Not only can the running speed of 
the shaft be varied as required, but any desired start-stop 
cycle can be applied; other variables include oil temperature 
and pressure, and the axial travel of the seal on the shaft. 
Oil seeping past the seal under test is absorbed by felt 
washers, which are weighed before and after the run to 
ascertain the degree of leakage. In this way, the effect 
of a whole range of seals differing in respect of diameter 
and lip pressure can quickly be investigated under controlled 
conditions, and the necessary tolerances determined. 
Because of the haphazard nature of production variations, 
no system of statistical sampling can eliminate the poten- 
tially faulty seal, so a 100 per cent check is regarded as 
essential. The Sealector machine was designed to carry 
out such checks quickly and efficiently, against the toler- 
ances set by the Sealrater. In its fully automatic form, the 
Sealector can check up to 1,200 seals per hour for lip 
diameter and pressure. The principle of the machine is 
simple : a batch of seals is fitted on to a series of stub shafts, 
and the flow of compressed air between the seals and the 
shafts is gauged. A measure of the lip diameter is given 
by the rate of flow at a certain air pressure; the lip pressure 
is indicated by the air pressure needed to produce a given 
flow rate. Semi-automatic and laboratory versions of the 
Sealector are also available from the Laboratories. 


Western Australia 


A REPORT by a team of nine British industrialists who 
visited Western Australia in October 1960, at the invitation 
of the State Government, has just been published. The 
objectives of the visit were to investigate opportunities to 
establish new industrial capacity and generally to stimulate 
in the United Kingdom wider interest in the development 
of secondary industries in Western Australia, which is 
2,000 miles nearer to Europe and the expanding markets of 
Asia and Africa than are some of the Eastern States. This 
booklet can be obtained from the Office of the Agent 
General for Western Australia, whose address in the United 
Kingdom is Savoy House, 115 Strand, London, W.C.2. 
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Grinding 


Ball-Tracked Components 


Internal and External Thread-grinding Machines Specially 
Developed for the Quantity Production of Steering Gear Parts 


ese use in various industries of recirculating ball 
devices for translating rotary motion into linear 
movement has raised problems in the production of ball 
tracks in the mating components. In the automobile 
industry, specifically for steering gear elements, to the 
essential precision of machining is added the need for rapid 
production in quantity. In the manner characteristic of the 
machine tool industry, the Coventry Gauge and Tool Co. 
of Fletchamstead Highway, Coventry, has developed two 
machines specially to meet these requirements. 


Internal grinding machine, TI 1315 

Intended for a wide range of application, the Matrix 
model TI 1315 internal thread-grinding machine for ball- 
tracked nuts and half-nuts has a maximum capacity of work 
up to 13in diameter and can grind threads up to 10in 
diameter. Apart from the loading and unloading of work- 
pieces the machine is fully automatic in operation. A single 
ribbed grinding wheel is used, being automatically dressed 
by a diamond at predetermined intervals. Either single- 
pass Or multi-pass grinding routines can be carried out; the 
maximum number of passes is twenty-four and the total 
amount of automatic in-feed of the wheel is 0-25 in. 

On full nuts the grinding action is arranged to be con- 
tinuous, the wheel in-feed taking place at each reversal of 
the work slide. When grinding half-nuts, however, a 
different method is employed in order to reduce the time 
that otherwise would be expended in “grinding air”. The 
wheel feeds into a stationary workpiece to the pre-set incre- 
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mental depth, the work spindle commences rotation and the 
work slide traverses. At the end of the traverse, work rota- 
tion ceases, the wheel is retracted to clear the work, the 
work slide returns to its starting position, and the cycle 
repeats. To facilitate unloading and reloading, the wheel- 
head is automatically retracted to its rear position when a 
workpiece is finish ground. 

Two types of grinding wheel spindles are selectively 
available; one belt-driven and the other high-frequency. 
For the belt-driven version a 5 h.p. motor having speeds of 
15,000 and 18,000 r.p.m. is fitted. The high-frequency drive 
is steplessly variable from 12,500 to 40,000 r.p.m. Maximum 
diameter of the grinding wheel is 3 in. A swivelling move- 
ment is provided for the wheelhead unit to enable right- 
hand or left-hand threads with helix angles up to 15 deg to 
be ground. As standard, the maximum thread length that 
can be ground is 5in. By means of a special wheelhead 
design this length can be increased to 7 in, but it entails 
a reduction of the maximum helix angle to 10 deg 

The rapid withdrawal movement of the wheelhead to the 
loading and dressing position is pneumatically actuated, as 
also is the automatic compensation for wheel dressing. A 
special, diamond, dressing unit is mounted on a swivelling 
cradle in order that the wheel can be formed accurately 
while the wheelhead is inclined at the helix angle of the 
thread being ground. Wheel dressing operations can be 
carried out before or after the final, finish-grinding pass. 

Workhead drive is by a 1-5-3-0 h.p. motor providing seven 
rotational speeds from 6 to 105 r.p.m. or 12 to 210 r.p.m. 


Matrix model TI 1315 thread 
grinding machine for ball- 
tracked nuts and half-nuts 
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Return speed is the same as the forward grinding speed, but 
to reduce idle time when grinding at slow forward speeds, 
a speed of 56 r.p.m. is available. The pitch of the thread 
being ground is determined by interchangeable leader bars 
and nuts. Each bar can be used for either right-hand or 
left-hand threads of identical pitch. 

Maximum distance from the spindle nose to the grinding 
wheel centre is 15-5in. The workhead is mounted on a 
sub-slide so that it can be positioned longitudinally, relative 
to the grinding wheel, to facilitate the grinding of short- 
length threads in long components. For the production of 
multi-start threads, the spindle is provided with an indexing 
mechanism to position it for two, three, four, five, or six 
starts. Other features of the workhead are an adjustment 
to control parallelism and a side-cut control to enable a 
pre-roughed thread to be aligned with the grinding wheel 

Coolant is delivered through the workhead spindle, which 
has a 2in diameter bore, and also by an external pipe to 
the grinding wheel. Another delivery pipe is fitted at the 
wheel dressing position. To prevent coolant splash from 
the machine, and to ensure efficient use is made of the fume 
extractor provided as standard equipment, the upper half 
of the machine is enclosed by a manually retractable hood 


External grinding machine, TW 712 

Matrix external thread-grinding machine, model TW 712, 
has been specially designed and developed for the precision 
grinding at high speed of ball-tracked steering worms and 
similar items. Work to a length of 12in can be accom- 
modated between centres and the maximum thread length 
that can be ground at one setting is 8 in. The recommended 
maximum thread diameter is 3 in and, of course, both right- 
hand and left-hand threads can be produced. Maximum 
swing on the work centres is 5 in. 

Grinding wheels of 18 in, 16 in, or 14in diameter can be 
used, running up to a maximum peripheral speed of 
10,000 ft/min. The wheel spindle runs on angular contact 
ball bearings and the drive is by vee belts from a dial- 
wound 3-5 h.p. motor providing grinding and dressing 
speeds. Pulley changes in the belt drive can effect speed 
reductions of 10 per cent and 25 per cent from maximum 


speed. The wheelhead can be swivelled, by worm and 


wormwheel, up to 15 deg on each side of the vertical for 
Automat 


grinding right-hand or left-hand helices wheel 
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dressing, and also compensation for wheel dressing, is 


included in the machine cycle. Dressing can be arranged 
to take place after a preselected number of components 
has been ground and the diamond can be set to remove 
0-0005 in to 0-003 in from the wheel at each dressing 

The workhead is driven by an 0-6 h.p. motor, a range of 
spindle speeds from 3 to 30 r.p.m.-being obtained through 
pick-off gears. Traverse of the work slide is by a leader 
bar and nut which is readily interchangeable with others for 
Length of traverse is determined 


A former bar 


work of different pitch 
by adjustable trip stops and micro-switches 
an be mounted at the front of the machine to impart a 
slight cross movement to the wheelhead, thus barrelling the 
component should this be desired. As on the internal 
grinding machine, a side-cut control is provided for aligning 
pre-machined work with the grinding wheel 
A normal grinding cycle is as follows 
1. rapid advance of wheel to the grinding position 
2. work spindle rotates and component is traversed past the 
wheel 
3. wheel advances by feed increment and work spindle and 
table reverse 
4. work spindle stops and wheel retracts to rest position for 
work unloading and reloading. 
Depth of cut for the finish grinding pass can be adjusted 
from 0-0002 in to 0-008 in as required to suit work in hand 





Grinding a ball-track helix on a steering gear worm shoft 


Above 
Left: The external thread grinder can handle work up to 10 in long 


Lubrication is effected by a dual pump unit supplying oil 
under pressure to the various bearings through regulating 
needle valves. Other parts are either flood- or oil-bath 
lubricated and all vital points are provided with sight glasses 

The coolant tank and pump are arranged as a free- 
standing unit on castors to facilitate servicing and cleaning 
A coolant separator is available as extra equipment. During 
grinding operations the wheelhead and table are totally 
enclosed, the raising and lowering of the hood being 
included in the machine automatic cycle. A fume extractor 
unit is supplied as standard. Vaporized coolant and grinding 
fumes are drawn from under the hood by an extractor fan 
and passed through a series of filters before being expelled. 
Electrical contactors and overload switches are housed in 
a separate cabinet and electrical controls are grouped on 
the machine casting. In the United Kingdom the sole selling 
agent for both these machines is the Rockwell Machine 
Tool Co. Ltd, Welsh Harp, Edgware Road, London, N.W.2 
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Flame Hardening 


By Dr. Ing. H. W. GRONEGRESS 


of Camshafts 


Considerations of Component Design and Burner Arrangement 


for Rapid and Economical Production by the Spin-hardening Method 


LAME hardening owes its widespread industrial appli- 

cation to the fact that it provides a means of accurately 
localizing the hardening treatment and confining it to those 
surface areas of a component which are subject to wear. 
The use of high capacity burners working on a gas-oxygen 
mixture enables the surface undergoing treatment to be 
supplied with far more heat per unit of time than can be 
dissipated into the core by thermal conduction. There is 
thus a build-up of heat in a thin surface zone, and as a 
result the component, after quenching, acquires a thin 
hardened layer on the surface of a relatively soft and tough 
core. 

This method of heat treatment automatically effects a 
substantial saving in heat energy and time compared with 
those required for conventional case hardening. In addition, 
since the core remains cold, it offers resistance to deforma- 
tion, so that any hardening distortion which may arise is 
markedly reduced. As a consequence, grinding times can 
be cut; even if not, as in many cases, eliminated altogether. 
Hardening times are in close agreement with machining 
times, and this means that the hardening machine can be 
integrated in the actual production line. The hardening 
process itself is clean and does not give rise to any dirt 
or dust, so that high-grade machine tools adjacent to the 


Fig. 1. Examples of desirable and undesirable features of design 


Incorrect 


Fig. 3. Polished sections of hardened cams. Left, incorrect treatment; 
heating too intense. Right, carburized case on steeply flanked cam 


hardening equipment do not suffer in any way. However, 
there are certain factors affecting both the design and 
material aspects of the work to be hardened which must 
be borne in mind if full benefit is to be derived from the 
advantages of flame hardening. The purpose of the follow- 
ing remarks is to examine these factors 


Design considerations 

As an example of the technical possibilities of flame 
hardening it is proposed to consider the flame hardening of 
camshafts for internal combustion engines and fuel injection 
pumps. Hardening is carried out by the spin method; in 
other words, the component is rotated and the cams and 
journal diameters to be hardened are first brought up to 
hardening temperature and then quenched. In contrast 
with the individual, successive heating of the cams and 
journal diameters, as employed in the induction hardening 
method, flame hardening enables all journals and cams to 
be heated simultaneously. This feature allows substantial 
cuts to be made in production times. When dealing with 


All can be flame hardened 


Fig. 2. Typical range of cam shapes 
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very long camshafts it sometimes becomes desirable to 
divide the hardening operation into two or more stages 
For this purpose, the hardening machine is equipped with 
a patented magnetic-valve control system enabling the 
various stages of the process to run successively without 
necessitating removal of the work from the machine or 
reloading. 

For the spin method the heating time depends on the 
diameter of the work and can be taken as approximately 
0-5 to 0-7 second per mm diameter for the sizes of camshaft 
under consideration. From this it follows that all the 
journals should preferably have the same diameter, as in 
Fig. l(a). Furthermore, the diameter of the journals should 
be somewhat larger than the tip-circle diameter of the cams, 
see Fig. 1(b), since this enables automatic feeding of cam- 
shafts in automated hardening plant to be accomplished 
without the use of complicated handling gear. In cases 
where the end bearing is furnished with a flange for accurate 
axial location of the camshaft, it is possible to harden the 
thrust face of this flange at the same time, but it is desirable 
to separate the two adjoining faces by an undercut fillet to 
simplify the hardening process. The preferred method is 
indicated in Fig l(c). 

It is important to avoid locating holes immediately under 
the surface to be hardened, as at Fig. 1(d), since in such 
positions they tend to promote through-hardening and, 
possibly, hardening cracks. Camshaft pinions can be 
hardened by the spin method in the same operation without 
any difficulty; the teeth being through-hardened down to 
about 1 mm above the root circle. The best arrangement is 


Fig. 7. Semi-automatic hardening 
machine U 103, with special 
burners for a 4-cylinder cam- 
shaft, and the Milliscope tem- 
perature-sensing, control device 
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Fig. 4. Incorrect cam- 
shoft design can result 


in non-uniform 


hardening of contours 


Fig 5 Polished 
section of a hardened 
camshaft journal 


Fig. 6. Section of flame-hardened 
camshoft in a silicon-chromium- 
molybdenum alloy cast iron 


for the pinion to be formed individually, as illustrated at 
Fig. l(e), and not to cut it in one of the spaces between two 
bearing diameters, since the resulting unequal distribution 
of metal makes it difficult to obtain uniform heating. The 
surfaces to be hardened must be machined to a good 
standard of finish. In the case of cams it is necessary for 
the side faces also to be left free of grooving if spalling of 
the cam noses is to be avoided. Where the cams are of a 
complex shape or made of a material prone to this type of 
damage, it is usually of advantage to provide a slight radius 
on the edges of the cams 

Depending on the rotational speed and working con- 
ditions of the engine concerned, so may the cam noses be 


of more or less pointed design. Typical contours are shown 





Fig. 8. Three-jet burner unit for hardening a single camshaft journal 


in Fig. 2. Fuel injection pumps are characterized by the 
fairly broad shape of their cams. Pointed cams, however 
readily tend to overheat at the tips and, therefore, in such 
cases the distance between the burners and the work should 
be reduced so that the nose of the cam passes through the 
core of the flame. When very steep cam profiles are 
involved, the trailing ramp tends to be deprived of heat so 
that the depth of hardening undergone by it is shallower. 
This is particularly the case when the material used has 
pronounced surface hardening properties, as shown in 
Fig. 3 (left). Difficulties of this nature can, however, be 
overcome by reducing burner power and possibly by 
splitting up the total heat output over a number of burner 
jets. 

Finally, is important to ensure proper and balanced 
distribution of metal. Fig. 4 (left) shows that the base of 
the cam is practically identical in diameter with the shaft. 
The result of this is that heat is conducted away very 
rapidly at that zone and, consequently, it is difficult to 
obtain a uniform depth of hardening. The correct practice, 
therefore, is to step the cam up from the shaft all round, 
as shown on the right of Fig. 4. Furthermore, the axial 
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boring should be done after completion of flame hardening. 
This presents no difficulty, since the heat treatment is 
limited to a shallow surface zone, as is well illustrated in 
the section of a camshaft journal, Fig. 5. 


Choice of material 

Such a short heating period as 0-5 to 0-7 second per mm 
diameter does not allow any chemical change to take place 
in the material. In other words, the surface zone is neither 
carburized nor decarburized. This means that the material 
used must already possess the carbon content needed for it 
to take on the required hardness. The carbon content of 
the material governs the degree of surface hardness attain- 
able, whilst the depth of hardening can be influenced by 
the alloy content. For camshafts in general, a hardening 
depth of from 2 to 3 mm is sufficient, and in such cases the 
camshafts can be made of plain carbon steel. A satisfactory 
grade for this purpose is Ck 45 (equivalent EM 8) having 
0-45 per cent carbon and yielding a Rockwell hardness of 
about 58+2. If a minimum hardness of 60 Rockwell is 
specified, a steel having a carbon content of 0-53 to 0-60 per 
cent should be used. These grades, however, are prone to 
cracking and require quenching in emulsion or oil. In such 
cases, the hardening machines must be provided with the 
necessary equipment for circulating and cooling the 
quenching medium. 

Steel camshafts are produced by drop forging, calling for 
expensive forging dies which do not justify the cost involved 
when only short runs are envisaged. For this reason there 
have been many attempts to make camshafts in cast iron. 
When casting against chills, however, it was found to be 
extremely difficult to ensure that all the cams take on a 
uniform degree of hardness since the cams are, of course, 
disposed in various planes. Chill casting also rules out the 
possibility of re-hardening, and this leads to a relatively 
high reject rate in manufacture. This explains why industry 


Fig. 9 Camshafts 
standardized grouping 
cams and journals. Only 
two different burner assem- 
blies are thus required 


an a 


ft Ly ae LITT ; 


Fig. 10. Diagram showing 
the use of standardized cam 
and journal group burner 
assemblies for hardening a 
range of camshofts 
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is giving up the practice of chill casting camshafts and 
changing over, to an ever increasing extent, to surface 
hardening after casting. 

Modern casting methods allow the required shape to be 
imparted to a camshaft with very great accuracy. It becomes 
possible, therefore, to dispense with the machining of cast 
camshafts prior to hardening, and all that is necessary after 
hardening is finish-grinding. This is conditional, of course, 


on the use of alloy cast iron yielding a depth of hardening 
of at least 3 to 4 mm. Alloy cast iron of this grade has 
given excellent performance under practical vehicle operat- 
ing conditions, see Fig. 6. Owing to the slower cooling ra 
of alloy cast iron it is necessary in this case also to quench 


te 


Fig. 12. Burner station on the 
NWA fully automatic hardening 
machine, showing cam device for 
unloading work at quench station 


Fig. 11. Automatic spin-harden- 
ing machine NWA installed in a 
production line in a car plant 
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A typical alloy composition for this purpose 
Mn—0-8, P—0-073, Cr—0-85, and 


in emulsion. 
is C—3-5, Si—2:5, 
Mo—0-33 per cent 
When it is important that the depth of hardening should 
follow the cam contour faithfully, particularly when steep 
cam profiles are involved, it may be preferable to make the 
camshafts of case-hardening steel. The carburizing process 
is then appreciably simplified since there is no need for 
masking as the carburization of those 
areas which are to remain soft. With flame hardening 1t is 
possible to localize and control the hardening process with 
accuracy and apply it only to those areas subject to wear. 
emphasized, on the other hand, that this 
to improve the strength of the 


protection against 


It should be 
practice makes it 
end normally 
of carbon by masking during carburization—by 
them simultaneously with the hardening of the cams. In 
this way an improvement in the torsional strength of the 


possible 
protected against the penetration 
hardening 


bearings 


snalft 


is obtained 

For the volume production of camshafts it is convenient 
to use specially designed burner assemblies, as in Fig. 7, 
In such cases, two or three water-cooled 
assigned to each journal and cam and 
act in unison on the The 
undergoing hardening is thus surrounded by an envelope 


a rapid rise to hardening 


for each camshaft 
burners, Fig. 8, are 


surface to be hardened surface 


of flame which brings about 
temperature in the surface zone and permits efficient utiliza- 
tion of the heat energy supplied. Such burners necessarily 
have to be made by hand because their lifespan is so long 
that the demand for them is small. They are, therefore, 
relatively costly and their main application is in installations 
where flame hardening is carried out in the actual produc- 
tion line, using hardening machines specially adapted for a 
specific type of camshaft 

When camshafts are required in a variety of shapes and 
sizes and in comparatively small numbers it is generally 
better to take the hardening machine out of the production 
line and put it in a central hardening shop. In a case like 
this, the designer can make a useful reduction in the 
number of different burners required if he 
standardization principles to the dimensions and pitches of 
the cams. Standardization of camshafts on these lines is 
a fairly easy matter where new designs are concerned. Its 
introduction is only possible stage-by-stage when an existing 


applies 








production set-up has to be changed over, for example, 
from a conventional case-hardening method to flame 
hardening. 

In such circumstances, therefore, it is mecessary to 
ascertain whether there are not at least certain groups of 
cams and bearings having the same dimensions and pitches 
so that special burners can be made up for these groups. 
These burners can then be connected together by distribu- 
tion pipes to form a complete burner assembly for hardening 
a given type of camshaft. Fig. 10 shows a typical case in 
which a number of different camshafts exhibit definite 
groups of cams and bearings which recur at the same 
pitches and in the same dimensions. To these groups are 
assigned burners connected to a common distributor line 
and with the aid of such groupings the burner assemblies 
needed for hardening various types of camshaft can be 
built up. This method has proved to be thoroughly 
practical as a means of reducing the initial outlay, particu- 
larly when short runs are involved. 

Selection of the hardening machine itself will depend on 
the quantities to be handled. In the simplest machine, the 
model U 103 shown in Fig. 7, the camshaft to be hardened 
is mounted in a pivoting carrier. The carrier is swung 
upwards to bring the camshaft into the burners and down- 
wards to bring it under the quenching spray. The same 
pivoting action automatically controls the operation of the 
burners and of the quenching spray by means of magnetic 
valves, so that the attendant has only to operate the control 





Fig. 13. NWA automatic machine equipped with two work stations. 
Control console is on the right and two flow-metering cabinets at rear 


lever for heating, for quenching, and finally to unload the 
finished camshaft and reload the carrier with another for 
treatment. 

Heating is controlled by the Milliscope*, a temperature 
measuring device specially developed for flame hardening 
and operating with zero time lag without requiring any 
physical contact with the work. These instruments can be 
seen mounted in position in Figs. 7 and 11. As soon as the 
Milliscope shows that hardening temperature has been 
reached the operator must lower the heated camshaft into 
the quench spray. The cooling period is terminated by a 
timing relay on which the required quenching time has 
been pre-set. 

The pivoting action can also be made automatic with the 
aid of air cylinders, the duration of the heating being 
controlled either on the basis of hardening temperature, by 
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Fig. 14. Hardness pattern and data for typical automobile engine cams 
Gas pressure 0-3 atm, consumption 43 m*/hr; oxygen pressure 8-5 atm, 
consumption 24 m*/hr; heating time 36 sec; quenching time 28 sec 


using the Milliscope, or on a time basis by using a built-in 
timing relay 

Taking the quenching time as approximately equal to 
heating time, and allowing time for unloading and reloading 
the machine, it can be reckoned that a machine of the type 
described is capable of hardening about 50 to 60 two- 
cylinder or four-cylinder camshafts per hour. When 
handling larger camshafts, six-cylinder units for example, 
the hardening operation, as mentioned earlier, is divided 
into two stages with the aid of a patented magnetic valve 
control system. Even when operating in this manner it is 
still possible to harden about 25 to 30 camshafts per hour. 
When dealing with the smaller types of camshaft capable 
of being hardened in a single operation, it is sometimes 
possible to increase the output of the machine by arranging 
for the heated camshaft to be automatically released after 
introduction into the spray. It is then deposited on roller 
stands which effect continued rotation of the camshaft 
under the spray so that another camshaft can be loaded on 
to the machine carrier during the cooling phase, and the 
heating processs recommenced. 

When the numbers involved are larger, and particularly 
when only one specific type of shaft is to be treated, the 
model NWA automatic camshaft hardening machine gives 
excellent results. The carrier indexes to four positions, the 
first being a loading station, and at the second drive is 
applied to the camshaft. Heating takes place at the third 
position and quenching at the fourth. The work transport 
utilizes a Geneva-type mechanism. Camshafts can be fed 
in from a magazine and automatically clamped, provided 
that the bearing diameters are larger than the tip-circle 
diameter of the cams. Unloading can also be made 
automatic at the quenching station. The camshaft then 
drops on to a conveyor belt and is taken to the hardness- 
testing machine or passed on for finish machining. Fig. 11 
shows a general view of the machine and Fig. 12 illustrates 
the burner layout. For handling small camshafts this 
automatic machine can be furnished with two stations, as 
in Fig. 13, enabling up to 200 camshafts to be hardened 
per hour. 

Should the work to be hardened require quenching in 
emulsion or oil, the automatic camshaft hardening machines 
are equipped with a heat exchanger and with a pump for 
circulating the quenching medium. The temperature of the 
quenching medium is checked by a built-in thermostat 
which also controls the performance of the heat exchanger 
to ensure that there is no unnecessary consumption of 
cooling water. For the sake of obtaining consistent results 
it is advisable to use a flow-metering unit when making the 
burner settings. The values established by the metering 
unit and proved by testing are entered in the component 
drawings so that reproducibility of results is guaranteed. 
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The Roller Journal 


This bearing was developed by the Hoffmann Company just 
over 50 years ago. It is intended for carrying pure journal 
load but has a greater capacity than the ball journal bearing 
of the same dimensions, owing to the use of square section 








rollers which have a much greater contact area with the race 
tracks. In view of this feature, however, it is more important 
that the races are maintained parallel with the shaft axis 








It will be seen that the inner race is channelled to guide the 






rollers, whilst the outer race is a plain annulus, slightly 





flared in the bore to ease assembly of the inner race, cage 
and rollers which are offered as a unit 







This bearing is also made with various patterns of lips and 
shoulders; these will be the subject of our next advertisement 
in this series 









HOFFMANN ROLLER JOURNALS 

are made in the following series: — 

IN INCH SIZES—EXTRA LIGHT, LIGHT AND MEDIUM 
IN METRIC SIZES—LIGHT, MEDIUM AND HEAVY 









Manufacturers of precision ball and roller bearings —established 1898 
(am) THE HOFFMANN MANUFACTURING CO. LTD. CHELMSFORD, ESSEX 


TELEPHONE: 315! TELEX No. 195! 
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DAWSON Mechanised 


Solvent Degreasing Piant 


ew, 
Solvent degreasing 1S not n 
b ew importance 


> n 
assumes 4 
but Ht ¢ continuous 


with the Dawson 


plant 
plant provides 
trolled operation 
hazards of human 


> full 
ant because It exploits to the ful 
tt degreasing efh- 
hlorethy- 


important because this 
autom atically con- 
free trom the 


error: impor- 


renow ned 


the 
olvent tric 


ciency of the s 


lene and perchlorethylene 
important because it ensures a 
really low solvent consumption 
in relation to the quantity of 
parts cleaned. 

For full details of this continuous 
equipment and of smaller 
machines for batch operation, ask 
for a copy of the booklet “Dawson 
Automatic Solvent Degreasing 
Plant.” 


Operation and treatment automatically controlled and free 
from the hazards of human error 

Completely odourless operation. 

Maximum economy of solvent. 

Automatic adjustment of water consumption of condenser coils 
In-built distillation system. 

Automatic self-cleaning treatment tanks. 

Heating coils removable from outside the machine. 

Fitted with large easily removed clean-out doors. 

Built-on storage tank can be provided. 





METAL DEGREASING Sole Distributors 
and DRUMMOND — ASQUITH LTD. 
PRE-TREATMENT King Edward House, New St. Birmingham 
PLANT Tel. Midland 3431 





Manufacturers: DAWSON BROS. LTD., GOMERSAL, Near LEEDS. Tel. Cleckheaton 3422 (7 lines) 
London Works: 406 Roding Lane South,{Woodford Green, Essex. Telephone: Crescent 7777 (4 lines) 
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ARALDITE 


CUTS 
TOOL 
ROOM 
COSTS 


Araldite resins enable manufacturers to produce, speedily and at low 
cost, assembly jigs which are replicas of original patterns. These jigs can 
be cast at room temperature and as there is negligible shrinkage on 
setting, they possess high dimensional accuracy. Araldite is available in 
forms which will provide any required degree of hardness, and a resilient 
surface is often used to prevent damage to highly finished products 
Araldite jigs are tough, durable and require no maintenance, either in use 
or in storage. Also, they are much lighter and easier to handle than their 
metal counterparts. Araldite can probably save you money on your own 
assembly lines. Let us send you our booklet “Araldite Resins for Tooling” 





Araldite 


Araldite faced jigs are used by Butlers Ltd, 
Birmingham, in the assembly of combined 
tail and stop lamp shells for cars. 


Araldite epoxy resins are used 

For casting high grade solid electrical 
insulation 

for impregnating, potting or sealing electrical 
windings and components 

for producing glass fibre laminates 

for producing patterns, models, jigs and 
tools 

as fillers for sheet metal work 

as protective coatings for metal, wood and 
ceramic surfaces 

for bonding metals, ceramics, etc 





epoxy resins 





fraldite ts a registered trade name 
C18 A (A.R.L.) LIMITED 


Duxford, Cambridge. Telephone : Sawston 2121 
APS9O 
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% ... they're sending out some wonderful things from Plymouth 


Tecalemit research and development are on the simmer 
all the time, finding new ways to solve car manufacturers’ 


trickiest problems. Some of Tecalemit’s brainwaves —all 
proved in practice and making a name in industry—are... 


TEC-ELEMENTS Biggest ever filtration area, most effective 
filtration, longest working life . . . best engine protection. 
Recommended and fitted as original equipment by the vast 
majority of British car manufacturers 

TECALEMIT RIBBON FILTER ELEMENTS Finest filtration at lowest 


cost of air, water, petrol, diesel and fuel oils, lubrication, 
hydraulic — just about every fluid you'd like to mention. 


se 


TECALEMIT Telepnone: PLYMOUTH 62844 


PLYMOUTH DEVON 


56 





TEGALEMIT NYLON TUBING Outperforms metal, other plastics 
and rubber tubing for strength, flexibility, vibration- 
resistance, chemical and corrosion resistance. This is preci- 
sion high pressure tubing and it is making a big difference 
in hydraulic brake hose techniques. It is also used as oil or 
fuel lines by Aston-Martin, Austin, Ford, Jaguar and other 
leading manufacturers. 


TECALEMIT 


THE AUTHORITY ON LUBRICATION AND FILTRATION 


718 
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Ladleship 
in 
Alloy Steels 


The controlled casting of molten steel 
into ingot moulds is but one of the many 
time-evolved skills developed at Firth Brown. 

From the melting of their Special Alloy 
Steels to the final inspection of large, rough 
machined forgings weighing up to 100 tons 


in weight or to the production of small- 
sectioned alloy-steel bars—-every stage 
depends upon highly organized team work. 
Thus, through intensive research, 
manual skills acquired by generations of 
craftsmen, and specialised equipment of the 
most advanced type, Firth Brown leader- 
ship in Alloy Steel making and Forgecraft is 
recognised throughout the world. 


ALLOY STEELMAKERS - FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD * ENGLAND 
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MINIVAC (the vacuum governed Minipump) 
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MINIVAC 


The lightest and most compact ot 
in-line fuel pumps It involves no 
unknowns and no untried principles 
Its design is based on world-wide 
experience with this type ot pump 
And 40 years’ experience of in-lin 
pumps gives them world-wide er 


viceability 


Some points in the design 


Separate pump body and cam-ho»x 
as in all Simms pumps) simplific 
maintenance. Pump body machined 


from steel, hence no porosity Cdut 


lets threaded steel in steel; finer 
threads allow closer spacing 
pumping elements; hence a shorter 
stiffer camshaft and a shorter, stiff 
pump admirably suited to flange: 
mounting. It has wide cam trach 
and tappet rollers. Pumps are avail 
able for engines with 3 cylinders uy 
to 44 litres 4 cylinders up to 6 


litres; 6 cylinders up to 9 litres 


MINIMEC 


Identical except for its inteyra 
governor with the Minivac§ fuel 
nyection pumy and suitable for 
engines up t 1.5 litres per viinder 
The centrifugal ¢ ernor will main 
tain any set peed between idling 
and maximum The exe fu 
dev we for starting s onl operat 


with the engine topped and cons 
quently is tamperproof., The Minime 
gives closer speed control and better 
fuel econom than an pump <«f 
comparable size and weight mack 


anywhere un the world 


SIMMS MOTOR 
UNITS LIMITED 


EAST FINCHLEY~ LONDON: W2 
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Hidden treasures 


Deep in the heart of China, on the walls of the 
Mok Ko caves in the Wu Sha Mountains of the 
Tun Huang District of Kansu, are the wall paintings, 
sculptures, and carvings of a thousand years—a 
veritable treasure of Chinese Art. And deep in the heart 
of the world’s finest car engines another treasure is 
hidden... silent... enduring ... vital... Renold 
Timing Chain. It’s a gem of a chain—smooth running 
and flexible, capable of innumerable driving arrange- 
ments and outliving the engine itself. 


RENOL 


or 
RENOLD RENOLD CHAINS LIMITED +*¢ MANCHESTER 
Sry, 


TIMING CHAINS 
stand the test of time 
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..at HUMBER LTD. git 


and ROOTES craftsmanship 


With the constant demands for more productivity, is it inevitable that 
quality must be sacrificed to expediency? Fortunately for 
discriminating buyers, Humber say ‘No’ and support their view by 
installing batteries of Efco heat treatment furnaces to help increase 
their output without detriment to ROOTES Craftsmanship. 

Used for processing gearbox components, crown wheels and pinions, 
these furnaces are the practical end-product of the most up-to-date 
design thinking. The furnaces all have automatic handling and 
programming equipment to speed production and cut operating costs. 
Furnaces for gears have an enclosed hot-oil quench to ensure close 
dimensional control. Furnaces for crown wheels have special holding 
chambers to give precise control of cooling and carbon diffusion 
cycles prior to press quenching. 

Humber Cars have a reputation for quality. EFCO furnaces are helping 


to maintain that reputation. 


EFCO FURNACES LIMITED 


QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389! 


Associated with Electro-Chemical Engineering Co Lid 























Talk to Sykes about the VIOB-Sykomatic... 


for large volume 
or mass production 





V10B-Sykomatic Gear Generators incorporate 
the well-proven Sykomatic principle of rotary 
magazine loading for simple work holding and 
high speed indexing. Models for Internal or 
External gears are available and, for suitable 
external components, hopper feed can be 
supplied. Interchangeable turret plates and 
tooling can be supplied for the cutting of two 
or more components on the same machine. 
Electro-hydraulic fully automatic cycle. 
All motions individually controlled during 
setting. Sizing switch for rapid setting 
after cutter change. Foolproof interlocked 
cycle with adequate safety devices and 
simple work loading. Automatic, magnetic 
swarf extractor as optional extra. Fully 
automatic and interlocked ‘cutter lift’ for 
Internal gear components. PLUS... 

the additional advantage that over 

90°, of all components and machine 

parts are common to each of the 

other models in the V1IOB range. 















If you would like to know more 
about the advantages of the 
V1OB-Sykomatic range, write for 
a copy of brochure P18/60. 


7th European Machine Tool Exhibition, Brussels, September 3rd—12th, Stand No. 5111, Hall 5. 





W.E. SYKES LIMITED- STAINES - MIDDLESEX - ENGLAND 
and associated companies 
Sykes Tool Corporation Ltd., Windsor, Ontario, Canada. Sykes Machine and Gear Corporation, 
Detroit, Michigan, U.S.A. W. E. Sykes Ltd., Mascot, Sydney, NSW, Australia. 
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STANDARDISE 
NOW ON 





“... exceptional mileages 

Profit from other operators’ experience. ... maintenance costs 

Standardising on AL-FIN now gains you : " 
.. » fallen considerably 


extra years of benefit: double normal 


ileages, minimum “in dock’’ 
ar ag : — ock” time, writes Mr. H. W. Howe, Transport Manager, 
reduced maintenance costs, greatet 
~» § Monkton Motors Ltd., Uxbridge 
earning power per vehicle. 
Begin standardising on AL-FIN now, 24th October, 1960. 
as vehicles come in for overhaul Wellworthy Ltd., 
Lymington, 
Hants 


Dear Sirs, 

We should like to place on record our satisfaction 
with your AL-FIN pistons which we have been using 
in our fleet for the last five to six years. 

Previous to adopting the AL-FIN, we were ex- 
periencing piston trouble in various forms and in con- 
sequence our maintenance costs were much higher than 
they should have been. In addition of course workshop 
productivity suffered because of the need for shorter 
periods between overhauls 

However, now that we have standardised on AL- 
FIN we find that we are getting exceptional mileages 
from these, and what is more pleasing to us is that all 
our piston troubles are no longer experienced. Conse- 
quently, our maintenance costs have fallen considerably 

Yours faithfully, 

p.p. MONKTON MOTORS LTD 
W. H. Howe, 

TRANSPORT MANAGER 


Ay¥y- Unique AL-FIN Pistons embody an 
A iron belt molecularly bonded to the 
TY aluminium body, providing an ar- 


moured top ring groove of twice the 
normal wear-resistance. 





Write today for full details to Dept, ALA 


WELLWORTHY LIMITED 
LYMINGTON @¢ HAMPSHIRE 


AN ASSOCIATED ENGINEERING LTD. COMPANY 


ALAese6 
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SPECIALISTS IN PLATING TO SPECIFICATION 


IONIC PLATING CO. LTD., GROVE STREET, BIRMINGHAM, 1/8 
Telephone : SMETHWICK 2951 (8 lines) 


AIRLITE—IONIC LIMITED, EDINBURGH 
THE METAL FINISHING DIVISION OF THE G.K.N. GROUP OF,COMPANIES 
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For over half a century 


Model “BW Automatic Plain 


MANUFACTURERS OF Grinding Mechine 
(3 ates 









Precision _.,. oe Fi 
Grinding oo . 
Machines 














Chuehilll 
ee 


PRECISION PLUS PRODUCTION 


THE CHURCHILL MACHINE TOOL CO. LTD. 
BROADHEATH | MANCHESTER 


EXPORT SALES ORGANISATION 
HOME SELLING AGENTS ASSOCIATED BRITISH 
CHARLES CHURCHILL & CO. LTD 4S, MACHINE TOOL MAKERS LTD. 

BIRMINGHAM and BRANCHES wee LONDON, BRANCHES and AGENTS 












BRUSSELS EXHIBITION—Churchill ‘BW’ Plain and ‘HBM' Internal Fully Automatic Grinding C678—1AA 
Machines will be on Stand 2007, 7th European Machine Tool Exhibition, September 3-12 1961. 
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Thie 
air 
around 





Broom & Wade Ltd., P.O 


proc 


You can do more with compressed air than fill a balloon! If you 


compressed air in sufficient volume and at sutticient pressure as an alr Cot 


does, you can put it to work in almost every industry from aircraft consti 


to spectacle making from brewing beer to making cosmetics. 


In the wide “BROOMWADE” range, vou will find air « ompressors an 


rements of civil and me« 


equire ( 


j 


r 


pneumatic tools covering practically 
engineers. “BROOMWADE” are the people to consult about 


compressed air problems 


AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 


Box No. 7, High Wycombe, Bucks 


Engineer, August 196] 














..-when everything depends ona nut / 


A lot can depend on a single nut—safety, efficiency, your reputation 

as a manufacturer. If that’s the sort of exacting role the nut has to play, 
there are six good reasons why you should choose a Nyloc: 

* Nylocs are self-locking anywhere on the bolt thread. * Nylocs stand 





XS 


* Nylocs can be used again and again. * Nylocs don’t damage the bolt thread. 


up to shock, vibration, oil, corrosives and extremes of temperature. 


* Nylocs have no extra bits and pieces to fit or get lost. * Nylocs save time and money (it takes 
40 minutes to assemble 100 }” Nylocs as against 60 minutes to assemble 100 }” full nuts and jam nuts”) 
If you want still more reasons, send for the Nyloc brochure—it’s free and includes complete 


tables of all Nyloc types, sizes, threads, materials and finishes. 


* These times are based on ‘The Handbook of Standard Time Data for Machine Shop 
by Haddon & Genger published by Thames and Hudson Limited, London 





SIMMONDS 


TREFOREST, PONTYPRIDD, GLAMORGAN 


AEROCESSORIES Branches: LONDON - BIRMINGHAM . MANCHESTER - STOCKHOLM 


COPENHAGEN - BALLARAT - SYDNEY - JOHANNESBURG - NAARDEN 


LIMITED MILAN . NEW YORK - BRUSSELS AND MANNHEIM 


seal 
FO A MEMBER OF THE FIRTH CLEVELAND GROUP 


CAC SIN 
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COOPERS 
FIBROL 


for 


GASKETS 













FIBROL 
JOINT 


“Fibrol” is a vulcanised fibre based 
material coated on both sides with a 
compound of nitrile oil-resistant 
synthetic rubber or a resin based 
oil resistant rubber. 

“Fibrol’’ combines the advantage 
of high tensile strength with 

a low compression factor. 
Recommended where a thin 

dense gasket is required. 

A most efficient sealing material 
where exacting fitting requirements 
have to be met-——for example 

in automatic gearboxes. 


Descriptive folder on request from 


COOPERS 


Mechanical Joints Ltd 


LIVERPOOL ROAD, SLOUGH, BUCKS 
Tel. SLOUGH 24511/9 


FIBROL 
JOINT 








lilustrated below is a selection of panels designed and made to the requirements 
of Pressed Steel Company Ltd for the control of power presses and ancillary equipment. 








1.G.E. design and supply tailor-made control panels for all industrial applications. Panels and 
workmanship conform to the most rigid specification at competitive prices. Make of contactor 
and relays can be specified by customer to conform with existing standards. Panels are built 
to afford maximum access for replacement and maintenance 


1.G.E. (CONTROL EQUIPMENT) LTD. Interlock Works 
Court Road, Birmingham 12 Tel. CAL 3114/8 
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You can get Shell Rotella oils for 
any and every diesel and 
any and every C.V. petrol engine 
any and everywhere 


(and you can’t do better) 


YOU CAN BE SURE OF neu 
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VOLVO 


Sweden | 
USE ‘ 
LANCEY 
( | pr N\ ( d 
CHILLED FACED CAST-IRON TAPPETS 
SUPPLIED AS CASTINGS oe FULLY MACHINED } 

















G:-CLANCEY L™: BELLE VALE - HALESOWEN 


THE LARGEST UANUFACTURERS OF VALVE GUIDES AND TAPPETS IN EUROPE 


TELEPHONE: CRADLEY HEATH - 69411-2-3 






GEAR TOOTH ROUNDING 
and GHAMFERING MACHINES 


Automatic operation, High Produc- 
tion Rates on External and Internal 
Gears, Starter Rings, etc. 









afi a . 
me a 4 
ra . 
Se. eee 
f a a. < 
5 
2 4 ie — 
We also manufacture Rotary Cam and 


Profile Milling Machines, Short Thread 


«i ENGINEERING CO. LTD. Headvand Machines Tape Machines 
S ial Machin T | for 
COVENTRY von: covewiay coca) cena all 


NRP 1959 










Automobile Engineer, August 196] 








- ee eee 


Hluscrated ts a transter 

resistance weld ng machine 
recently designed and 

constructed by Sciaky. it welds 
the front suspension and 

engine mounting units of the 

BMC mini cars in 5 stages. Welding 
cycle and transfer between 





stages is automatic 





awelding machine... 





Every day thousands of Sciaky Resistance Welding Machines are used to produce Britain's 
automobiles. Working closely with the motor industry, Sciaky has developed a range of welding 
machines to meet their critical requirements. But, the story does not end there... the adaptation 
of resistance welding to a specific application—the Sciaky technique—is yours for the asking. 
Let Sciaky experience and know-how work for you, because Sciaky resistance welding techniques 
are developed to meet your individual needs—whether portable, pedestal, or complete 
production line. 


this is what 
SS CIAKYy SIAKy 


resistance 
welding means 


SCIAKY ELECTRIC WELDING MACHINES LIMITED 
FALMOUTH ROAD (Trading Estate) SLOUGH BUCKS Telephone 25551 (10 lines) 
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The accuracy needed for this triangular 
recorder spindle was thought to put it 
right out of the economical pressing 
field... until the experts from Briscoe 
came into the picture and made a first 
class job of pressing it out of ‘022 soft 
steel strip in only three operations. 


This was no happy chance—we are 
experts in designing and producing 
pressings, turned parts and even 
complete assemblies to your 

exact specification 





Don’t let your Production Manager's 
hair turn white over producing that 


then they called onan emi 
7A BRISCOE 
W. H. BRISCOE & CO. LTD. 


WHARFDALE ROAD, TYSELEY, BIRMINGHAM, 11 


Tel. ACOcks Green 1197 Grams: ‘Brisk, Birmingham’ 





EITEL 


Shail 
Straightening 


machine 








Full details from 
The model illustrated was specially built for straightening a shaft for an automobile 
SOLE gearbox, but similar machines are available for a wide variety of applications 
Its rated capacity is 20 tons and a load of accurately controlled amount may be 
AG ENTS applied at any one of four positions along the shaft. Design is modern, the machine 
is easily operated and maintained and the working stroke is variable to a minute 
degree 
The Selson Machine Tool Co. Ltd. {aa ,) 
SUNBEAM ROAD, LONDON, N.W.10 STANNINGLEY, Nr. Leeds 
Telephone Elgar 4000 Telephone: Pudsey 2241 /eroup 
And at Kingsbury (Nr. Tamworth), Manchester, Glasgow, Swansea, Newcastle-on-Tyne, Sheffield — 
Southampton, Belfast, Bath ES 
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means safety on the road! 


One day that vehicle on the drawingboard will have to travel] fast with a heavy 
load... will have to negotiate steep hills and wet surfaces...will have to stop 
quickly perhaps many times a day. NOW is the time to put Air in the plan —to 
provide the extra stopping power safety demands, to decide on Westinghouse Air 
Brakes, the finest, smoothest, most dependable stopping power in the world of travel. 


AIR BRAKE 
EQUIPMENT 





as manufactured by the 
WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 
(Automotive & industrial Products Division) HANHAM ROAD : KINGSWOOD - BRISTOL : TEL: BRISTOL 67-1781 


() [WESTINGHOUSE 
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EXPERIMENTAL SPRINGS? 


That spring you want...ina 
hurry .. . where is it? Pick 
what you want when you want 
it from TERRY’S BOXES OF 
ASSORTED SPRINGS—our 
fine range of small boxed 
assortments of experimental 
springs. We can show you only 
a few from the range here. 
Send a postcard for our full 
list—and if ever you're stuck 
with a spring problem send it 
along to our Research 
Assorted Springs Department—they’ll gladly 
45f- help you out. 






Don't 
grope here.. 





No. $217 
One gross 





Have you a Presswork problem? 
If so, the help of our Design Staff is yours for the asking. 


HN z No. 760 
’ 
Ne. 1200 Three dozen Assorted No. 98A 
Three dozen Assorted Light Compression 
Light Expansion Springs Springs. |” to 4” long, 22 Three dozen Assorted 


suitable for carburettor to 18 S.WOG : t I” to 4” long, } 


to } 

control etc. 15 diam. 76 ee ee y SPRINGS 
i 7. 
for 


\\ i) 
(( 2) A : = HERBERT TERRY & SONS LTD. 














No. 753 











Looking for good Hose Redditch, Worcs. 
Three dozen Assorted Cut Production Costs with Clips? Send for a sample of 
Light Expansion j to 4 Terry's Wire Circlips. We Terry's Security Worm (Makers of Quality Springs, Wireforms 
diam., 2” to 6" long, 22 to | can supply immediately Drive Hose Clip and and Presswork for over 100 years) 
18 S.W.G. 12)- from stock—from 4” to §” price list wr 1D 








fp" 
Pelaatty: , 









For all generai purposes Amal ball joints are the best 
you can buy. The type 81 (illustrated) has Micrometer 
adjustment for wear or play; is instantly detachable 
without tools; Self-locking; Without spring pressure 
on head making for easy movement without play. 


Brass body, steel headed pin. 


@ UNIVERSALLY APPROVED 


BY LEADING AUTHORITIES 
IM [a\ ON ENGINEERING 
BALL AND ROLLER JOINTS 


Write today for full details of sizes, standard or non-standard 


AMAL LTD. - HOLDFORD ROAD - WITTON - BIRMINGHAM 6 .- Tel: BIRCHFIELDS 4571 


alm 
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PARK GATE 


QUALITY STEELS FOR 
AUTOMOBILE ENGINEERING 








special freecutting 
casehardening 
quality bars 





THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


A) Company TEL: ROTHERHAM 2141 (15 lines) GRAMS: YORKSHIRE, PARKGATE YORKS TELEX $4141 
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-WHO’S WHO 


IN PRECISION GASTING 


—— 







The many roles that Rawlings play in 
precision casting makes for a programme 
of industrial achhevement as memorable 
for variety as it is for quality. From a 
foundry equipped for pressure and 


gravity work in zinc and aluminium alloys 
Rawlings castings have played an im- 
portant part in the end-products of 
nationally known manufacturers for 


over 20 years 


RAWLINGS IS THE NAME TO REMEMBER 


Pressure Casting 6 /b 
Pressure Casting 2 n alloy b 
Gravily Castings both alloy 





RAWLINGS MANUFACTURING CO. LTD 106/108 BEDFORD HILL LONDON SW 12 Telephone. Balham 3311 


Vi rvases 


Whatever your fastening problem, 
Wiley can make a bolt for it—and 
a nut too—ask them! 


IL c 0 bolf for tf! 


JAMES WILEY & SONS LIMITED, DARLASTON, STAFFS. Telephone: James Bridge 2692. 


TU eae 


OUP OUTPOR ODODE OOD DE pigreromee 














M-W.61 
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Teltex. 66-255 
London. Molborn 0414 
Telex 2-2682 


,7-8-9 


Ioug'as Green, Pendieton, Salford 6 
28 


Pendieton 


CHARLES WESTON & CO. LTD. 


Birmingham: Erdington 5459 


irweti Bank Works 
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AVAUATOATLONY On sd:<@) ARGON WUD) 
Walfows Lane -Walsall - Staffs. iiss Meco wasait® 











Two examples of how the Ford Motor Co. 

Ltd., use “Stellite” for protecting wearing 

parts of their jigs and fixtures. 

The alloy guarantees prolonged accuracy 

because it is proof against swarf abrasion, 

hammering, rust and general corrosion. Y 


‘“STELLITE’’ PROTECTS y 
JIGS & FIXTURES * 


at GOO0 




















Hey machine re-centring Zephyr crankshofts 






Send for SP.21 which explains 
how easily this protection 
can be incorporated in your 
jigs and fixtures 









Brasshouse machine drilling and boring 


Anglia crankshofts 











4 steture , ws 
DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE ~ ONTARIO - CANADA 


s UVeloro and > 
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BEANS SPECIALISE IN THE DESIGN AND 
MANUFACTURE OF GEARS AND GEARBOXES 
TO SUIT YOUR REQUIREMENT 


yyw lND,, 
























Enquiries to Welt Ure ielih tigi ads) 


Tipton Staffs. 
Phone: TIPton 2881 









A MEMBER OF THE STANDARD-TRIUMPH GROUP 
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do you use — 
LIQUID 
NITROGEN | 


OR OXYGEN 





MITRE Precision Drop Forgings are preferred by leaders in 
the Automobile Industry. 


A. J. VAUGHAN & CO. (mitre woras) LTD. 
Wolverhampton Road, WILLENHALL, Staffs. Phone: 486/7 











HYDROGEN LEAK TESTING A DUPLEX CONTAINER 


We have been manufacturing ultra-high vacuum simplex Dewar 
vacuum containers for liquid nitrogen, liquid oxygen, etc. since 1930 
and also ultra-high vacuum duplex ones for liquid hydrogen and 
helium, and cryostats, since 1954; so we should know something 
about their design and manufacture. Apparently our Customers 
think we do—judging by the number of orders, which continue to 
increase year by year, received from Government Departments, 
Universities, Research and Nuclear Establishments, etc. all over 
the world 

We manufacture in all sizes and shapes, the simplex type from one 
litre to 200 litres in 14 different sizes; the dulex type from 2 litres to 
100 litres in 6 different sizes. Also eryostats, and special designs 


May we send you a copy of our Catalogue 


DUPREE SWIFT 


&€ COMPANY LIMITED 


23-25, BROADWALL, 
STAMFORD ST., LONDON, S.E.1. 
WATerioo 5750. Cables: Oxyvaconta, Londor 





Telephone 
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Important news for the motor industry 


NEW 


COMPANY 
BEHIND 


FRAM 





FILTERS 


On July 1st Fram Canada acquired all the Fram business 
of Simmonds Aerocessories Ltd., and started a new 
U.K. company called FRAM FILTERS LIMITED 
Simmonds Aerocessories have been our sole licensees in 
Britain since 1938 and our association has been pleasant 
and profitable. But we have both agreed that Fram must 
operate as an independent company if it is to develop 
its British business to the full. 

We shall immediately put into effect the selling policies 
that have given us our world wide leadership in the 


filter industry.* This will naturally mean a good deal 


of reorganisation, but we are not sacrificing continuity. 
Most of the Fram people you already know will be 
staying on with the company, and we look forward 
to happy and prosperous relations with our friends 


everywhere in the U.K. 


*FRAM oil and air filters are made in 11 countries 
throughout the world besides the U.S.A. and Canada. 
Over 400 engine manufacturers use Fram filters as 
standard or optional equipment. This is more than 


the combined production of all other filter manufacturers. 


From now on, please address enquiries to:— 


FRAM FILTERS LIMITED 


Treforest, Pontypridd, Glamorgan 
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Telephone: Treforest 2321/4 
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‘f° BUSHES and BEARINGS 







4” Solid or Cored 





ALSO 
Centrifugal Cast 


and Chill Gast =| * 100", foult free 

*% Any length up to 6 ft. 

* Super finish and quality 
* Dimensional accuracy 








Range of sizes from 


+” solid to 114” cored 


TURQUOISE 
PENCILS 

set a new 
Standard 

for 

lead 

Strength 











Send today for full details 


THE SMELTING CO. LTD 
7 . 
Also mokers of TANDEM WHITE METALS 

& ESCO GUN METAL INGOTS, et« 


y N N wis | 





Have 
YOU done to protect your 


employees health 
all and safety... ? 


you can 


This book . provides an informative and up-to-date 
introduction to the vital subject of personnel protection in 
industry. Written by D. I. Macfarlane, and illustrated with 


over 70 photographs, it deals with protection of the eyes and 





The greatly increased lead strength of New 
Turquoise sets a new standard for drawing 
pencils. New Turquoise pencils hold a fine 
needle-point without snapping; save time by 
eliminating frequent re-sharpening — and 
money, too, through fewer replacements! 
And this extra lead strength means perfect 
‘originals’ and cleaner, sharper reproductions 
every time. Crisper, clearer lines, preciser 
shadings — every detail exactly right with no 


omissions, ghost lines or fade-outs. af 
GRADING: /7 precise grades from 9H to 6B SAFETY | N | N DUSTRY 


10D. EACH. 9/2D. PER DOZEN 


skin; precautions against ionising radiations, press guards; 
dangers of rotating machinery; protective clothing; dust and 
fume control; flooring and lighting Make sure YOU are 


up-to-date with your safety measures order a copy TODAY 


TRY TURQUOISE DRAWING LEADS oe 82” 54” 80 pp. Illustrated 7s. 64. net. By Post 8s. 1d 
int 
AVAILABLE FROM 2B TO 6H v, Obtainable from booksellers. Published by : 
/ {LIFFE Books Ltd Dorset House Stamford St London SE1 





EAGLE PENCIL CO - ASHLEY ROAD - TOTTENHAM N17 
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This new Holroyd 2}” centres worm gear speed 
reducer has been designed to meet the need fora 
self-contained motorised drive suitable for con- 
tinuous use, and one which will look right in any 
surroundings. No matter what the application, it 
is possible to select from its variety of assemblies 
and mounting positions, an arrangement which 
makes it appear an integral part of the surround- 
ing machinery, and not an added afterthought. 


The Verso has all the famous features of Holroyd 
reliability and high efficiency. Centrifugally cast 
Holfos wormwheel; casehardened and profile 
ground alloy steel worm; ball bearings through- 
out; rigid cast iron casing and oil bath lubrication 
requiring no attention over long periods. Output 
speeds are from 14 to 300 rpm. Output torques up 
to 750 Ib. ins. Standard motors from } up to 2 hp. 
Please write for catalogue V.60 which gives further 
technical information. 
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THE INCREDIBLY 










Holroyd 











JOHN HOLROYD & CO LTD MILNROW * ROCHDALE 


Vertical or horizontal 
streamlined or functional 


VERSATILE VERSO 
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Books on DI ESELS 


for drivers. mechanics. engineers 


and students 





Small Diesel Engines The Modern Diesel 13th Ed. 









by Donald H. Smith, mi.mMecu.e£ by Donald H. Smith, m.i.MeCHE 

Describes the application and use of diesels in Provides detailed information on the charac- 

cars, light goods vehicles, taxicabs and tractors teristics of high-speed diesel engines and their THE MODERN 
« -yT~ ‘ . >| ction equip » The late > Denpid & Smith 

It is not a text-book but a simple introduction fuel injection equipment. The latest trends in amet: iisqal 

for the ordinary driver or mechanic who is fuel and lubricant developments are covered, 


called upon to handle unfamiliar diesel equip- engines for road, rail, marine and industrial 
quit 





ment for the first time. The book is illustrated uses are discussed, and principal British, 2 
by nearly 30 exceptionally clear and simple American and Continental engines in current Fi 
i 
line drawings use are reviewed 3 
4 
2 
4s. 6d. net. By post 5s. 17s. 6d. net. By post 18s. 8d. : 
from leading booksellers Published by ILIFFE BOOKS LTD § 
: 
DORSET HOUSE STAMFOCRO STREET LONDON SE : 





EXPORT 
OPPORTUNITY 











° 
New . 
HIGH °4 We distribute vehicle spare 
SPEED sf parts in over 50 markets and 
° we want to add complemen- 
¢ tary products to our existing 
y range. We have over 50 


years’ experience of the 


Belt Driven 
Exhauster 


export business in all its 





: aspects. WE may be able to 
. help YOU to help BRITAIN. 
E.240 ‘ 
Mark III : % Very high efficiency 
. % Self-Contained 
: % 3 cu.ft. per minute, weight 11lbs. approx. 
* fe Can be run up to 3,000 r.p.m PEABODY OF LONDON LTD. 
: ar 16, Eastcheap, E.C.3. 
= 
Tel: MINcing Lane 3131 


Feeny & Johnson Ltd. 


134-136 EALING ROAD, WEMBLEY. WEMbley 4801 & 4802 


DOHB 6564 
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NOW - 
POLYSLIP 1M ‘DRY’ BEARINGS 


in a wide range of standard sizes 
A 


POLYSLIP-a new approach to the ‘dry - 
bearing’ problem ’ 


Polyslip 1M Dry Bearings are designed for 
hig duty without lubrication of any sort. 
They are intended for those applications 





where other lubricants are undesirable or 


unsuitable. 


What are Polyslip 1M Dry Bearings? 
Bearings made from sintered bronze, im- 
pregnated with P.T.F.E. (Polytetrafluoroethy- 
lene) and additives at the working surface. 


Why P.T.F.E. and Bronze? 
Because this combination gives an excellent 
bearing material, the P.T.F.E. and additives 





providing low friction and low wear rate 


while the bronze provides a strong, heat- What are the applications ? 
r re re | " ry , > 
conducting matrix. Where oil and grease lubricants are unacceptable. 
Where shafts are required to run in liquids such as water, petrol, solvents. 
What forms are available ? Where dust is a problem * Where oil and grease can cause contamination. 


Cylindrical, plain or flanged -self-aligning - Where maintenance may be at a minimum: Where temperatures are abnormal. 

thrust washers. Where ‘static’ is a problem * Where ‘slip-stick’ motion must be avoided. 

What Si 6 Our Technical Department will be glad to discuss the suitability 
‘zes : of Polyslip 1M Dry Bearings to your applications. 

From 0:1” to 3” bore. Standard sizes facilitate 

quicker delivery. Write for a designer's brochure giving properties, performance 

data, and dimensions 


4 @) & 4-) BE aa BOUND BROOK BEARINGS LTD 


it 
Birfield Group cd 
6B = ya rR I MN Ss — Trent Valley Trading Estate, Lichfie d, Staffs 


4 elegrams Boundiess. Lichtied 
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DONCASTERS <> 
778 DD 











POWDER 
METALLURGY 
SINTERINGS 


The technical skill which gives Doncasters such 
a high reputation in the production of forgings 
and drop forgings is now being applied to the 
field of Powder Metallurgy. 


A wide range of sintered ferrous metal com- 


‘ponents is produced to high density and specified 


physical properties. In addition Doncasters can 
undertake finished machining and coating of 


parts if required. 


DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 





An entirely VEW 
Car seat Reclining 
Mechanism, the 






This inexpensive but 
highly efficient seat 
mechanism can be 
adapted to suit most 
front-seat conditions 

The back squab adjustment is controlled by a lever 
conveniently placed alongside the seat cushion, which can 
be fitted to either side of the seat. The mechanism gives 
a number of securely locked positions between the vertical 
and horizontal. The seat squab is spring loaded—lifting 
the squab from the horizontal 


Widney 


HALLAM, SLEIGH & CHESTON LTD 
WIDNEY WORKS, BIRMINGHAM 4 


Telephone: ASTon Cross 3581 


Patents Pending 








S. 198A 
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UNIT DESIGNERS LINK UP WITH 
BRITISH RUBBER MANUFACTURER! 


Phoenix and Getefo will make a new dynamic 
approach to your vibration problems 


Great news for British manufacturers! 





Ss) 






















































































Phoenix are now producing rubber to metal 
bonded anti-vibration units which 

are designed by Getefo, acknowledged leaders 
in anti-vibration engineering. 


Getefo, or to give them their full name, 






Gesellschaft Fur Technischen 

Fortschritt MBH of Koblenz, pioneered ths 
study of the dynamics of anti-vibration 
problems. Now, in this new 

association with Phoenix, the knowledge 


gained in their researches 





is made available to British industry. 


If you make a product which is subject to vibration, Phoenix can help you! 


RUBBER TO METAL BONDED 
ANTI- VIBRATION UNITS 
designed by Getefo 





Phoenix Rubber Co. Ltd. Slough, Buckinghamshire. Telephone: Slough 22307/9 
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Machine 
Capacity and 
Capable hands 
















WE 

ALSO 
MAKE 
ft 
STRAIGH) 
LENGTHS 
FROM 
4° TO 
3° BORE 






nie 
CATALOGUE & PRICES ON APPLICATION 


HERMETIC RUBBER CO. LTD. 


“HERMETIC” WORKS + PRIORY ROAD - ASTON - BIRMINGHAM 6 
PHONE * EAST 3638/9 Established 1895 GRAMS HERMETIC, BIRMINGHAM 


ou 









\ W\ 
\ > “ 
+ 3 Lt PRECISION THREADS 
\AS\Q).ARE NO PROBLEM 


4 


— specify 
The BRITISH wire thread insert 


For incorporation in new designs 
or for the maintenance of existing 
machinery CROSS precision wire 
thread inserts are simple, accurate 
and effective. Superlatively made 
to fine limits CROSS wire thread 
inserts are available for ferrous and 
non-ferrous applications in B.S.F., 
Metric, B.S.P., B.A., Whitworth, 
Unified, etc. Write for full details to 





THE CO-ORDINATORS SERVICE (ENGINEERING) LTD 
SHADY LANE - BIRMINGKAM 22A - Telephone: GREat Barr 4237 





MANUFACTURING CO (1/938) LTD 
Combe Down, Somerset 
Phone: Combe Down 2355/8 Grams: ‘Circle’ Bath 





RR 
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Che E.N.V. 5-speed gearbox is in quanuty 
production for leading British manufacturers 
of commercial vehicles. Its rugged con- 
struction and reliability are demonstrated by 


the many thousands of gearboxes which are 


S TT »( a» | | S giving exemplary service the world over 
& / h 


Optional gear ratios are available, including 





overdrive 5th, to suit operating conditions 


- When used in conjunction with the Eaton 
_cneed Le = . “ctl aced 
, ~ 2-speed axle, a choice of ten correctly space 
()] = ratios is available, giving a combination to 
= 


suit every load, gradient and road surface 





Conners 





SSO AVN 


for gears 





E.N.V. ENGINEERING CO. LTD., Hyth 





Road. Willesden, London, N.W.10. Tel: LADbroke 3622 
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( ‘AM Shaft Grinder by Carl Unger for sale A MIMI City & Guilds A M.1.Mech.E ‘AS Welding and Cutting 4 Practical Guide 

Fully hydraulic Swing Sin. dia. Max etc.. on “‘No-Pass-No-Fee”’ terms. Over 95 A to the Best Techniques. By C. G. Bainbridge 
between centres 24 in. Variable speed workhead successes. For details of Exams and Courses in | M.I.Mech.E., M.Inst.W A comprehensive text 
Grinding wheel dia. 18 in.; 1,020 r.p.m. Radius all branches of Auto, Diesel, Aero, Mechanical book providing practical information on almost 
diamond dresser. Master cam holder. Motorized Eng., etc., write for 148-page Handbook—Free the whole range of available gas welding and 
coolant pump 400/440 V Variable resistance BLE.J Dept. 643 9 Wright’s Lane, Lone jon, cutting equipment, methods and processes In 
ontrol to D.C. workhead Push button controls Ws [56 valuable to the practical welder as well as to 
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i Proprietors of British Patent No. 706933 as a he ; . Ds oar i “t —- _ 
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sal ‘ ‘ E ‘TEELS in Modern Indu A Comprehen tracing causes of poor performance, fault-finding 
tations with a firm or firms for the sale of the f l me 
sive Survey by 9 Specialist Contributors in all parts of vehicle electrical equipment 4 
patent or for the grant of licences thereunder Ge | Ed w. I : coe recommended system if electri cal workshop 
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THE EMPIRE RUBBER SELF-CONFORMING GROMMET 


IS THE SOLUTION TO MANY AN ENGINEERING PROBLEM 


THE NEW BLIND GROMMET THE NEW DESIGNED GROMMET = This grommet provides a thoroughly efficient seal. Around 
the panel hole the first seal is effected while a good, ught 
second seal around the top periphery is set up by tension. 
In the grommets designed for cable entry the internal seal is 
applied within the conical section. All grommets can be 





FREE FREE fitted to various panel thicknesses—thus reducing the range 


. APP. No. §255/59 


Ne. he Al 


FITTED FITTED 


SECOND SEAI 








rrommer Sma rome t aling 
Enquire for ¢ talogue section and detail led partic ular a thir nrrol ri 


‘EMPIRE RUBBER COMPANY * DUNSTABLE - BEDFORDSHIRE . ENGLAND 


SHEET METAL MACHINERY, MACHINE TOOLS, PRESSES, PLASTICS & WOODWORKING MACHINES 


New and used — many of each EX STOCK —for cash or monthly account, 
hire purchase or by the FJ E Machine Hire Plan. 


May we tell you more ? 
EDWARDS HOUSE and Lansdowne House 
359-361 EUSTON RD., LONDON, N.W.1 41 Water St., Birmingham 3 
Phone: EUSton 5000. Telex 24264 CENtral 7606-8 
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ach ny divi A BACS or Nomograms. By A. Giet. Trans 
De Sign for living 4 lated from the French by H. D. Phippen and 


|. W. Head Most engineers have made use of 


nomograms at some time in their careers, and 
are fully alive to the fact that they are a very 
onvement tool when the same formula has to 
be solved repeatedly for several sets of variables 
It os fair to say, however, that only «a sma 
proportion of even those who habitually emplo 








ymograms know how to construct 
their own use Most of the comparative 
require iterature on the subject is written for i 

maticians and is extremely difficult {i 
SENIOR JIG AND TOOL DESIGN DRAUGHTSMEN practical engineer to comprehend. This book is 
ssentially practical ind not only femonstrates 
. the many and varied “pp lications of the abac or 
for their new nomogram, but shows mw even those without 


highly specialized soteatied knowledge may 


City Drawing Office (Old Street E. C.) se + - wn gy a on B 


woksellers post from 
: . Dorset House, Stamford Street, London, S.E.1 
Successful applicants will be engineers with creative ideas conversant with 


modern production trends and developments and will work in connection with 
a Variety of interesting projects in the automative fleld 


Please write giving full detai f age, experience and technical education t 


MR. J. MCGUIRE, TRAINING AND RECRUITMENT OFFICE 012A, 
FORD MOTOR COMPANY LTD., DAGENHAM, ESSEX. 
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Worcestershire Education Committee 


COLLEGE OF FURTHER EDUCATION, BROMSGROVE 
SESSION 1961-62 


AUTOMOBILE ENGINEERING COURSE 


in conjunction with The Institute of the Motor Industry 


THE 
SOURCE 
OF 

_ VARIETY 





A three-year sandwich course—six months college six months industry, covering the Associate 
Membership requirements of The Institute the Motor Industry. The course gives a sound 
theoretical and practical training in the technical ymmercial and managerial branches of the 


repair, service and retail sides of the automobile industry 
Commencing Tuesday, 7th November, 1961 


GARAGE MANAGEMENT COURSE 





A full-time course, of five months’ duration, designed for those engaged in the repair and service 
side of the automobile industry, who have a sound practical background and who aspire t r 
already hold, supervisory positions For machined repet 


The subjects include Principles of Management, 
Motor Trade Practice and Law, Accountancy and Co 
practical work, covering current developments in aut 

The course may be used as preparation for the Secti 
Motor Industry which will then be taken at the end of 


and Administrati 
lectures and associated 
be arranged if required 
f The Institute of the 


ition products, from 
the bar, in any meta 
to your owr 





specifications 





Commencing Monday, Ist January, 1962 consult M.C.1 the 
Hostel accommodation is available, if required specialist machinists 
Further details of both the above courses, together with an applicat rd 





upon application to the Principal, College of further Educat 








PRECISION PARTS 


ORGANISATION AND METHODS OFFICER 
FROM THE BAR 





Applications are invited from experienced Organisation and Methods Officers in the engineeri 

industry Applicants should be experienced in quantity production hods moder 

methods of Management Control LF.V.. OAL. D.1Arm.. ARB. F feaveved 
, ully Appro 


Responsibility will include the development of 
automobile industry, together with the revision of existing pri 
situated in the North West offers responsibility and scope to t 
ability 


° 


the M.C.L. & REPETITION LTD. 


and POOL LANE - LANGLEY - BIRMINGHAM 
Telephone : Broadwell 1115 (4 lines) and 1757 





Commencing salary will be not less than £1250 p.a. and working conditions are excellent. Ar 
attractive contributory pension scheme is in operation with free life dbenent 


Applications in strict confidence should be addressed to Box N 4376 


Worcestershire Education Committee FORK-LIFT 


COLLEGE OF FURTHER EDUCATION, BROMSGROVE 


’ 
SESSION 1961-62 TRUCKS 


AUTOMOBILE ENGINEERING 


Applications are invited for entry to the following course fron tudents with appropriate 
qualifications 


HIGHER NATIONAL DIPLOMA W. C. YOUNGMAN LIMITED, 











his is a three-year sandwich course—six months College, six months industry—and has bee WANDSWORTH WORKS 
designed to give an automobile engineering bias , 
Successful completion of the course will give exemption from parts I and II of the examinati WANDSWORTH ROAD, S.W.8 
of The Institution of Mechanical Engineers and/or The Institution of Production Engineer Telephone MACaulay 2233 


Commencing Monday, 2nd October, 1961 

Hostel accommodation is available, if required 

A pamphlet giving full details of conditions of entry, course content, etc. together with an 
application form may be obtained upon application to the Principal, College of Further Educatior 
Bromsgrove, Worcs. (0.256 
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Specify 
DOUBLE-SURE 


STOPPING POWER 


ME hicles 


SAFETY MATTERS. 
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AUTOMOBILE a 
ENGINEER 


.. but STEELY MEET 
CHE PER 


. and I’ve been saying so for years and 


if 


that’s why I go to CASHMORES. 

As Accredited Sheet Stockholders of the Steel 
Company of Wales Limited, they have all the 
production resources of this great mill 

behind them. 

Cashmores hold comprehensive stocks of cold 
reduced and hot rolled sheets and with their 
up-to-date shearing facilities and two modern 
cut-up lines for coils, | can get all the sizes 

I want—and quickly. I’ve no need to finance 
large stocks of my own or use up valuable 
production space to store it. With thei 
speedy delivery fleet you can say 

Cashmore’s stocks are my stocks 

that’s why it’s cheaper all round! 

I suggest you write in for 


their stock list.” 


J OH N CAS HMORE LiMiwTeEe OD 


Accredited Sheet Stockholders for the Steel Company of Wales Limited 


GREAT BRIDGE - TIPTON - STAFFS | NEWPORT - MONMOUTHSHIRE 
Telephone: TIPton 2181/7. Telephone: 66941/6. 


London Office: Artillery Mansions, 75 Victoria Street, London S.W.1 Telephone: ABBey 4556/7/8 


$M/JC6493 











